POort e

of Seattle

EAST WATERWAY OPERABLE UNIT
SUPPLEMENTAL REMEDIAL INVESTIGATION/
FEASIBILITY STUDY

QUALITY ASSURANCE PROJECT PLAN:
SUBSURFACE SEDIMENT SAMPLING FOR
CHEMICAL ANALYSES IN THE EAST WATERWAY

For submittal to:

The US Environmental Protection Agency
Region 10
Seattle, WA

January 2010

Prepared by: W]Il Ward

environmental LLC

200 West Mercer Street, Suite 401 ¢ Seattle, Washington ¢ 98119






TITLE AND APPROVAL PAGE
EW SUBSURFACE SEDIMENT SAMPLING AND ANALYSES
QUALITY ASSURANCE PROJECT PLAN

Windward Project Manager

Name Date
Windward QA Manager %p{ M A~ 5.0
v 7
Name Date
EPA Project Manager /é //L-« / = e | / : S / J0
/7 7 7 V4 7
¥ Name Date
EPA QA Manager - 2/9 /7€
Name Déte |
East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page i



Distribution List

This list identifies all individuals who will receive a copy of the approved quality
assurance project plan, either in hard copy or electronic format, as well as any
subsequent revisions.

*

* & o o

*

Ravi Sanga, EPA Project Manager

Susan McGroddy, Windward Project Manager
Berit Bergquist, Task Manager (Windward)
Thai Do, Field Coordinator (Windward)
Marina Mitchell, QA /QC Manager (Windward)
Leslie McKee, Field Geologist (Anchor QEA)

Laboratory Project Managers:

¢ Sue Dunnihoo (Analytical Resources, Inc.)
¢ Todd Vilen (Analytical Perspectives)
East Waterway Group:
¢ Doug Hotchkiss (Port of Seattle)
¢ Debra Williston (King County)
¢ Jeff Stern (King County)
& Peter Rude (City of Seattle)
Eeits el/alt/iterwa y Operable Unit AL Subsurface Seg;nrﬂlﬁgﬁszAoFig

Page ii



Table of Contents

List of Tables v
List of Figures %
List of Maps %
Acronyms Vil
1 Introduction 1
2 Project Management 1
2.1 PROJECT ORGANIZATION AND TEAM MEMBER RESPONSIBILITIES 2
211 Project management 3

21.2 Field coordination 3

213 Quality assurance/quality control 5

214 Laboratory project management 6

215 Data management 6

2.2 PROBLEM DEFINITION/ BACKGROUND 7
2.3  PROJECT/TASK DESCRIPTION AND SCHEDULE 8
2.4 DATA QUALITY OBJECTIVES AND CRITERIA 9
2.5  SPECIAL TRAINING/ CERTIFICATION 9
2.6 DOCUMENTATION AND RECORDS 9
2.6.1 Field observations 10

2.6.2 Laboratory records 11

2.6.3 Data reduction 13

264 Data report 14

3 Data Generation and Acquisition 15
31  SAMPLING DESIGN 15
3.1.1 Sampling locations 15

3.1.2 Sectioning of sediment cores 27

3.1.3 Chemical and physical analyses of subsurface sediment samples 33

3.2 SAMPLING METHODS 33
3.2.1 Identification scheme for all locations and samples 34

322 Location positioning 34

3.2.3 Subsurface sediment core collection 35

3.24 Subsurface sediment core processing 37

3.2.5 Field sampling and processing equipment 40

3.2.6 Decontamination procedures 41

3.2.7 Waste disposal 42

3.3  SAMPLE HANDLING AND CUSTODY REQUIREMENTS 42
3.3.1 Sample handling procedures 42

3.3.2 Sample custody procedures 43

3.3.3 Shipping requirements 44

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page iii



6

34  ANALYTICAL METHODS

3.4.1 Laboratory methods and sample handling

3.4.2 Data quality indicators
3.5 QUALITY ASSURANCE/ QUALITY CONTROL

3.5.1 Field QC samples

3.5.2 Chemical analyses QC criteria
3.6  INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE
3.7 INSTRUMENT/ EQUIPMENT CALIBRATION AND FREQUENCY
3.8  INSPECTION/ ACCEPTANCE OF SUPPLIES AND CONSUMABLES
3.9  NON-DIRECT MEASUREMENTS
3.10 DATA MANAGEMENT

Assessment and Oversight
4.1 COMPLIANCE ASSESSMENTS AND RESPONSE ACTIONS

411 Compliance assessments
412 Response actions for field sampling
413 Corrective action for laboratory analyses

4.2 REPORTS TO MANAGEMENT

Data Validation and Usability
51 DATA VALIDATION
52 RECONCILIATION WITH DATA QUALITY OBJECTIVES

References

Oversize Maps

Appendix A.  Health and Safety Plan

Appendix B.  Field Collection Forms

Appendix C. Laboratory Method Detection Limits and Reporting Limits

Appendix D. Historical Subsurface Sediment Locations and SQS or CSL
Exceedances

Appendix E. Geotechnical and Chemical Subsurface Sediment Boring
Methodology

Appendix F. Review of Depth to Native Sediment in the East Waterway

Appendix G.  Data Management

Appendix H.  ARI's Quality Control Limits

East Waterway Operable Unit

44
45
46
50
50
50
54
54
55
55
55

56
56
56
56
56
57

57
57
58

59
62

Subsurface Sediment QAPP

Port of Seattle FINAL January 2010

Page iv



List of Tables

Table 2-1.

Table 3-1.
Table 3-2.
Table 3-3.
Table 3-4.
Table 3-5.
Table 3-6.

Table 3-7.
Table 3-8.

Subsurface sediment characterization investigations conducted in the

EW since 1990 7
Subsurface sediment chemistry sampling locations in the EW 17
Subsurface sediment sampling location coordinates 25
Subsurface sediment collection and processing equipment 41
Sample containers and laboratories conducting chemical analyses 42
Procedures to be conducted at each analytical laboratory 45
Laboratory analytical methods and sample handling requirements for

sediment samples 45
Data quality indicators for sediment analyses 47
Quiality control sample analysis summary 51

List of Figures

Figure 2-1.  Project organization 2
Figure 3-1.  Core processing Method A 28
Figure 3-2.  Core processing Method B 29
Figure 3-3.  Core processing Method C 30
Figure 3-4.  Location of subsurface sediment samples within cores to be collected
from the Phase 1 removal area 40
List of Maps
Map 1-1. Location of the EW
Map 2-1. Historical subsurface sediment locations
Map 2-2a. Subsurface sediment sampling locations for the SRI with historical
exceedances of SMS criteria and DMMP guidelines for surface and
subsurface sediment — South
Map 2-2b. Subsurface sediment sampling locations for the SRI with historical
exceedances of SMS criteria and DMMP guidelines for surface and
subsurface sediment — North
Map 2-3. Historical exceedances of SMS criteria and DMMP guidelines in surface
sediment samples collected in the Phase 1 removal area after dredging
and prior to clean sand placement
Map 2-4a Subsurface sediment sampling locations for the SRI with bathymetry —
South
Map 2-4b Subsurface sediment sampling locations for the SRI with bathymetry —
NorthMap 3-1 TBT concentrations in surface sediment and historical
East Waterway Operable Unit Subsurface Sediment QAPP

Port of Seattle

FINAL January 2010
Page v



subsurface core samples and subsurface core locations proposed for

TBT analysis

Map 3-1 TBT concentrations in surface sediment and historical subsurface core
samples and subsurface core locations proposed for TBT analysis

Map 3-2 Total DDT concentrations in surface sediment and historical subsurface

core samples and subsurface core locations proposed for
organochlorine pesticide analysis

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page Vi



Acronyms

ACRONYM Definition

%RSD percent relative standard deviation

ANSETS Analytical Services Tracking System

ARI Analytical Resources, Inc.

BHC benzene hexachloride

CFR Code of Federal Regulations

coc chain of custody

CSL cleanup screening level

CSM conceptual site model

CsO combined sewer overflow

CVAA cold vapor atomic absorption

DGPS differential global positioning system

DMMP Dredged Material Management Program

DQI data quality indicator

DQO data quality objective

Ecology Washington State Department of Ecology

EPA US Environmental Protection Agency

EW East Waterway

EWG East Waterway Group

FC tield coordinator

FS feasibility study

GC/ECD gas chromatography/electron capture detection

GC/FPD gas chromatography/flame photometric detection

GCIMS gas chromatography/mass spectrometry

GC/MS/MS gas chromatography/mass spectrometry/mass spectrometry
GIS geographic information system

GPS global positioning system

HAZWOPER Hazardous Waste Operations and Emergency Response
HDPE high-density polyethylene

HRGC/HRMS high-resolution gas chromatography/high-resolution mass

spectrometry

HSP health and safety plan

ICP-AES inductively coupled plasma-atomic emission spectrometry
ICP-MS inductively coupled plasma-mass spectrometry

ID identification

LCS laboratory control sample
East Waterway Operable Unit Subsurface Sediment QAPP

Port of Seattle

FINAL January 2010
Page vii



ACRONYM Definition

MDL method detection limit

ML maximum level

MLLW mean lower low water

MS matrix spike

MNR monitored natural recovery
MSD matrix spike duplicate

NAD83 North American Datum of 1983
OPR ongoing precision and recovery
PAH polycyclic aromatic hydrocarbon
PCB polychlorinated biphenyl

PM project manager

PSEP Puget Sound Estuary Program
QA quality assurance

QAPP quality assurance project plan
QC quality control

RL reporting limit

RPD relative percent difference

SDG sample delivery group

SIM selected ion monitoring

SL screening level

SMS Washington State Sediment Management Standards
SOP standard operating procedure
SQs sediment quality standards

SRI supplemental remedial investigation
SRM standard reference material
Svoc semivolatile organic compound
T-18 Terminal 18

T-30 Terminal 30

TBT tributyltin

™ task manager

TOC total organic carbon

USCG US Coast Guard

VvOC volatile organic compound
Windward Windward Environmental LLC

East Waterway Operable Unit

Port of Seattle

FINAL

Subsurface Sediment QAPP

January 2010
Page viii




1 Introduction

This quality assurance project plan (QAPP) describes the quality assurance (QA)
objectives, methods, and procedures for collecting and chemically analyzing samples
from subsurface sediment cores in the East Waterway (EW) in Seattle, WA (Map 1-1).
Data from these studies will be used to determine the nature and extent of chemical
contamination at depth for the EW supplemental remedial investigation (SRI) and to
support the feasibility study (FS). This QAPP presents the study design, including
details on project organization, field data collection, laboratory analysis, and data
management. This QAPP was prepared in accordance with US Environmental
Protection Agency (EPA) guidance for preparing QAPPs (2002).

This plan is organized into the following sections:
& Section 1 - Introduction
Section 2 - Project Management
Section 3 - Data Generation and Acquisition

Section 4 - Assessment and Oversight

* & o o

Section 5 - Data Validation and Usability
& Section 6 - References

A health and safety plan (HSP) designed to protect onsite personnel from physical,
chemical, and other hazards posed during field sampling activities is included as
Appendix A. Field collection forms are included as Appendix B. Method detection
limits (MDLs) and reporting limits (RLs) are presented in Appendix C. Appendix D
contains maps of historical surface sediment sampling locations in the EW and a table
that lists all historical subsurface sediment locations with chemical exceedances of
sediment quality standards (SQS) or cleanup screening levels (CSLs) of the
Washington State Sediment Management Standards (SMS) and screening levels (SLs)
or maximum levels (MLs) of the Dredged Material Management Program (DMMP).
Appendix E presents the sampling methods for the geotechnical and chemical
evaluation in the mound area off the northwest corner of Terminal 25 in the EW.
Appendix F provides a review of previously collected sediment cores to summarize
the depth to native sediment in the EW. Appendix G describes the data management
rules for the subsurface chemistry data. Appendix H provides the laboratory quality
control limits.

2 Project Management

This section describes the overall management structure of the project, identifies key
personnel, and describes their responsibilities, including field coordination, QA and
quality control (QC), laboratory management, and data management. The East
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Waterway Group (EWG) and EPA will be involved in all aspects of this project,
including the discussion, review, and approval of the QAPP and the interpretation of
the results of the investigation.

2.1 PROJECT ORGANIZATION AND TEAM MEMBER RESPONSIBILITIES

This sampling effort will be lead by Windward Environmental LLC (Windward) for
the EWG. The overall project organization and the individuals responsible for the
various tasks required for the subsurface sediment sample collection and analysis are
shown in Figure 2-1. Responsibilities of project team members, as well as laboratory
project managers (PMs), are described in the following subsections.

EPA Project Manager

. Ravi Sang
Project Manager avi ange
Susan McGroddy, “,
Windward .
EPA QA Officer

Ginna Grepo-Grove
Berit Bergquist, Windward l

[ Task Manager

-
-

{ QA/QC Manager

Marina Mitchell, Windward

Field Coordinator ] ( Field Geologist

Thai Do, Windward J L Leslie McKee, Anchor QEA

|
QA/QC and

Sampling Vessels and Scuba Divers

Bill Jaworski, Marine Sampling Systems Laboratory Coordination [ Data Management
Gary Maxwell, AMEC Geomatrix for Analytlcal Chemlsuy . .
Eric Parker, RSS _— Kim Goffman, Windward

Marina Mitchell, Windward |
| ~

Data Validation
{ Analytical Chemistry —_—

Chris Ransom, EcoChem
Sue Dunnihoo, ARI 4
Todd Vilen, Analytical Perspectives

Figure 2-1. Project organization
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2.1.1 Project management
EPA will be represented by its PM, Ravi Sanga. Mr. Sanga can be reached as follows:

Mr. Ravi Sanga

US Environmental Protection Agency, Region 10
1200 Sixth Avenue, Suite 900

ECL-111

Seattle, WA 98101-3140

Telephone: 206.553.4092

Facsimile: 206.553.0124

E-mail: Sanga.Ravi@epamail.epa.gov

Susan McGroddy will serve as the Windward PM and will be responsible for overall
project coordination, providing oversight on planning and coordination, work plans,
all project deliverables, and for the performance of the administrative tasks needed to
ensure timely and successful completion of the project. She will also be responsible for
coordinating with EWG and EPA on schedule, deliverables, and other administrative
details. Dr. McGroddy can be reached as follows:

Dr. Susan McGroddy

Windward Environmental LLC

200 W Mercer Street, Suite 401
Seattle, WA 98119

Telephone: 206.812.5421

Facsimile: 206.217.0089

E-mail: susanm@windwardenv.com

Berit Bergquist will serve as the Windward task manager (TM). The TM is responsible
for project planning and coordination, production of work plans, production of project
deliverables, and performance of the administrative tasks needed to ensure timely and
successful completion of the project. The TM is responsible for communicating with
the Windward PM on the progress of project tasks and any deviations from the QAPP.
Significant deviations from the QAPP will be further reported to EWG and EPA.

Ms. Bergquist can be reached as follows:

Ms. Berit Bergquist

Windward Environmental LLC
200 W Mercer Street, Suite 401
Seattle, WA 98119

Telephone: 206.812.5403
Facsimile: 206.217.0089

E-mail: beritb@windwardenv.com

2.1.2 Field coordination

Thai Do will serve as the Windward field coordinator (FC). The FC is responsible for
managing the field sampling activities and general field and QA/QC oversight. He

East Waterway Operable Unit Subsurface Sediment QAPP
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will ensure that appropriate protocols for sample collection, preservation, and holding
times are observed and will oversee delivery of environmental samples to the
designated laboratories for chemical analysis. Mr. Do can be reached as follows:

Mr. Thai Do

Windward Environmental LLC
200 W Mercer Street, Suite 401
Seattle, WA 98119

Telephone: 206.812.5407

Cellular phone: 206.919.1597
E-mail: thaid@windwardenv.com

Leslie McKee will serve as the field geologist and will coordinate the processing and
logging of sediment cores. Ms. McKee can be reached as follows:

Ms. Leslie McKee

Anchor QEA

1605 Cornwall Ave.
Bellingham, WA 98225
Telephone: 360.733.4311
Cellular phone: 847.454.6652
E-mail: Imckee@anchorgea.com

Gary Maxwell (or other qualified personnel) will serve as the boat captain for the
MudMole™ sampling, and Bill Jaworski will serve as the boat captain for the
vibracorer sampling. The boat captain is responsible for operating the boat and for
decisions related to boating operations. The boat captain will work in close
coordination with the FC to ensure that samples are collected consistent with the
methods and procedures presented in this QAPP. Mr. Maxwell and Mr. Jaworski can
be reached as follows:

Mr. Gary Maxwell

AMEC Geomatrix

3500 188th St. SW, Suite 600
Lynnwood, WA 98037
Telephone: 425.921.4000

E-mail: gary.maxwell@amec.com

Mor. Bill Jaworski

Marine Sampling Systems
P.O. Box 290

Burley, WA 98322
Telephone: 253.857.3336

Scuba divers from Research Support Services, Inc. (RSS) will assist with the collection
of all cores collected using the MudMole™ where the water depth is greater than 5 ft.
Eric Parker will be responsible for all diving operations and can be reached as follows:
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Mr. Eric Parker

(b) (6)

Bainbridge Island, WA 98110
Telephone: 206.550.5202

E-mail: eparker@rssincorporated.com

2.1.3 Quality assurance/quality control

Marina Mitchell of Windward will serve as QA /QC manager and coordinator for
chemical analyses for the project. As the QA/QC manager, she will provide oversight
for both the field sampling and laboratory programs, and will supervise data
validation and project QA coordination, including coordination with the EPA QA
officer, Ginna Grepo-Grove.

Ms. Mitchell can be reached as follows:

Ms. Marina Mitchell

Windward Environmental LLC

200 W Mercer Street, Suite 401
Seattle, WA 98119

Telephone: 206.812.5424

Facsimile: 206.217.0089

E-mail: marinam@windwardenv.com

Ms. Grepo-Grove can be reached as follows:

Ms. Ginna Grepo-Grove

US Environmental Protection Agency, Region 10
1200 6t Avenue

Seattle, WA 98101

Telephone: 206.553.1632

E-mail: grepo-grove.gina@epa.gov

The Windward QA /QC manager will ensure that samples are collected and
documented appropriately and coordinate with the analytical laboratories to ensure
that QAPP requirements are followed.

EcoChem Inc. will provide independent third-party review and validation of
analytical chemistry data. Chris Ransom will act as the data validation PM and can be
reached as follows:

Ms. Chris Ransom

EcoChem Inc.

Dexter Horton Building

710 Second Avenue, Suite 600
Seattle WA 98104

Telephone: 206.233.9332
E-mail: cransom@ecochem.net
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2.1.4 Laboratory project management

Analytical Resources, Inc. (ARI) and Analytical Perspectives will perform chemical
analyses. Sue Dunnihoo will serve as the laboratory PM for ARI and Todd Vilen will
serve as the laboratory PM for Analytical Perspectives. The laboratory PMs can be
reached as follows:

Ms. Susan Dunnihoo
Analytical Resources, Inc.
4611 S 134th Place, Suite 100
Tukwila, WA 98168
Telephone: 206.695.6207
E-mail: sue@arilabs.com

Mr. Todd Vilen

Analytical Perspectives

2714 Exchange Drive
Wilmington, NC 28405
Telephone: 910.794.1613
Facsimile: 910.794.3919
E-mail: tvilen@utratrace.com

The laboratories will accomplish the following:

¢ Adhere to the methods outlined in this QAPP, including those methods
referenced for each procedure

Adhere to documentation, custody, and sample logbook procedures
Implement QA /QC procedures defined in this QAPP

Meet all reporting requirements

Deliver electronic data files as specified in this QAPP

Meet turnaround times for deliverables as described in this QAPP

Allow EPA and the QA /QC third-party auditors to perform laboratory and
data audits

* & & o o o

2.1.5 Data management

Ms. Kim Goffman will oversee data management to ensure that analytical data are
incorporated into the EW database with appropriate qualifiers following acceptance of
the data validation. QA /QC of the database entries will ensure accuracy for use in the
SRI. Ms. Goffman can be reached as follows:

Ms. Kim Goffman
Windward Environmental LLC
200 W Mercer Street, Suite 401

Seattle, WA 98119
East Waterway Operable Unit Subsurface Sediment QAPP
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Telephone: 206.812.5414
Facsimile: 206.217.0089
E-mail: kimg@windwardenv.com

2.2 PROBLEM DEFINITION/BACKGROUND

The EW conceptual site model (CSM) and data gaps report (Windward 2004)
identified the need for additional subsurface sediment samples for chemical analysis.
This section presents the objectives and background information to address these data
needs. An overview of the study and its schedule is presented in Section 2.3, and a
detailed sampling design is presented in Section 3.1.

Collection of additional subsurface sediment chemistry data is needed in specific areas
of the EW to support the EW SRI/FS (Anchor et al. 2008). In particular, additional
subsurface sediment samples are needed to fulfill the following objectives:

& Supplement existing data to allow for characterization of the nature and extent
of subsurface chemical concentrations as part of the SRI

& Provide data for delineation of the depth of potential cleanup areas and to
support consideration of monitored natural recovery (MNR) as part of the FS

Since 1990, there have been 18 sampling events in the EW that have included the
collection of subsurface sediment cores (Table 2-1). Most of these samples have been
collected for the purpose of dredge material characterization. Many of the samples
were collected in areas that were subsequently dredged and thus no longer represent
existing conditions. Thus, the historical data available for evaluating the nature and
extent of subsurface chemical concentrations in the SRI are from cores collected
outside dredged areas, as shown on Map 2-1. Additional subsurface sediment data are
needed to provide spatial coverage of the EW, as evaluated in Section 3.1.

Table 2-1. Subsurface sediment characterization investigations conducted in
the EW since 1990

EVENT DATES METHOD SAMPLES ANALYTES" STATUS REFERENCE
SMS, Windward
EW - Slip 27 January 2007 vibracorer 12 pesticides, none dredged (2007)
TBT

T-30 Sediment 6 sample

Characterization July 2006 vibracorer 6 DMMP locations dredged Anchor (2006)
Pier 36 Suitability .

- . ) 11 sample GeoEngineers
Conflrmanon November 2004 vibracorer 11 DMMP locations dredged | (2004)
Sampling

. vibracorer and
T-46 Sediment March-April 2004 diver-assisted 2 SMS, DMMP 2 sample Anchor (2004)
Characterization spoon locations dredged
EW/Harbor Island 4 sample Windward
Nature and Extent February 2003 vibracorer 4 SMS, DMMP : p
locations dredged | (2003)
Recency
Pier 36 Dredging ) 3 sample GeoEngineers
Additional Sampling November 2002 vibracorer s DMMP locations dredged | (2003)
East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL Janual’y 2010
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SAMPLING COLLECTION NUMBER OF DREDGING
EVENT DATES METHOD SAMPLES ANALYTES® STATUS REFERENCE
April 2002
s Round 1
EW T-18 Stage 1A, ( ) vibracorer 5 DMMP 5 sample Anchor(2002)
Rounds land 2 September 2002 locations dredged
(Round 2)
USCG Pier 36 March 2001 hollow-stem 12 SMS, DMMP 12 sample GeoEngineers
auger locations dredged | (2001)
Ew/Harbor Island 1 sample location | Windward
Nature and Extent — December 2001 | pneumatic corer 33 SMS, DMMP P
dredged (2002)
Phase 3b
EW Stage 1 Channel July-August . 44 sample
Deepening 1998 vibracorer 99 SMS, DMMP locations dredged SAIC (1999a)
Pier 36 . 9 sample
Characterization August 1998 vibracorer 9 SMS, DMMP locations dredged SAIC (1999b)
B . o " ) 2 sample Berger/ABAM
Pier 36 - preliminary April 1997 vibracorer 4 SMS locations dredged | (1997)
T-18 Dredging - ; . 45 sample
Phase 2 May-June 1996 vibracorer 45 SMS, DMMP locations dredged EVS (1998)
T-18 Dredging - March 1996 vibracorer 86 SMS, DMMP 77 sample EVS (1998)
Phase 1 locations dredged
Harbor Island SRI March 1995 impact-driven 9 SMs 8 locations EVS (1996)
coring system dredged
. hollow-stem Shannon and
Pier 36 March 1992 auger 3 SMS None dredged Wilson (1992)
September- ) 5 locations Weston
Harbor Island RI October 1991 vibracorer 6 SMS dredged (1993)
. . Smolski et
Pier 27 June 1990 vibracorer 24 SMS None dredged al.(1991)

2 SMS analytes included PCBs (as Aroclors), SVOCs, VOCs, metals (arsenic, cadmium, chromium, copper, lead, mercury,
silver, zinc), TOC, and grain size. DMMP analytes included PCBs (as Aroclors), pesticides, SVOCs, TBT, metals (antimony,
arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc), TOC, and grain size.

T-30 — Terminal 30

T-46 — Terminal 46

TBT — tributyltin

TOC - total organic carbon

USACE - US Army Corps of Engineers
VOC - volatile organic compound

DMMP — Dredged Material Management Program

EW — East Waterway

PCB - polychlorinated biphenyl

RI — remedial investigation

SMS - Washington State Sediment Management Standards
SVOC - semivolatile organic compound

T-18 — Terminal 18

2.3 PROJECT/TASK DESCRIPTION AND SCHEDULE

The sampling of subsurface sediment will be initiated following EPA’s approval of
this QAPP. This section provides an overview of the sampling and analysis activities
and schedule for the subsurface sediment investigation. A detailed sampling design is
presented in Section 3.1.

Sampling is scheduled to occur in early 2010. Two separate field crews will work
simultaneously; one crew will collect sediment cores and a second crew will log and
process the sediment cores immediately following collection. Sediment cores will be
collected at 65 locations. Sediment samples taken from the cores will be submitted to
ARI and Analytical Perspectives for chemical analyses (see Section 3.4.2.1). A total of
2 sediment samples from each core (130 samples) will be analyzed for metals,

Subsurface Sediment QAPP
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polychlorinated biphenyls (PCBs) (as Aroclors), semivolatile organic compounds
(SVOCs), total organic carbon (TOC), total solids, and grain size. In addition,
tributyltin (TBT) will be analyzed in 2 samples from 21 cores (42 samples), and
pesticides will be analyzed in 2 samples from 9 cores (18 samples). Remaining samples
collected from the cores will be archived at ARI. Chemical analyses of the samples, as
described in Section 3.4.2, are expected to be completed three weeks after samples
have been collected. When preliminary, unvalidated data are available from this
sampling event and from the 2009 SRI surface sediment sampling event, they will be
evaluated by EWG and EPA to select archived samples for additional analyses, as
described in Section 3.1.3. Chemical data from the additional round of analyses will be
available 3 weeks after the archived samples have been submitted for analysis.
Validated data are expected to be received approximately 5 weeks after the final
chemical analyses are complete. A draft report presenting the chemical data will be
submitted to EPA 8 weeks after validated data are received. Thus, the total time from
the completion of sampling to the submittal of the data report to EPA is 19 weeks (i.e.,
6 weeks for chemical analyses of both initial and archived samples, 5 weeks for data
validation, and 8 weeks for report preparation), plus the time needed to select samples
for the additional analyses.

2.4 DATA QUALITY OBJECTIVES AND CRITERIA

The overall data quality objective (DQO) for this project is to develop and implement
procedures that will ensure the collection of representative data of known, acceptable,
and defensible quality. Parameters used to assess data quality are precision, accuracy,
representativeness, comparability, completeness, and sensitivity. These parameters are
discussed, and specific data quality indicators (DQIs) for sediment chemistry analysis
are presented in Sections 3.4.1.2 and 3.4.2.2, respectively.

2.5 SPECIAL TRAINING/CERTIFICATION

The Superfund Amendments and Reauthorization Act of 1986 required the Secretary
of Labor to issue regulations providing health and safety standards and guidelines for
workers engaged in hazardous waste operations. The federal regulation

29 CFR 1910.120 requires training to provide employees with the knowledge and skills
enabling them to perform their jobs safely and with minimum risk to their personal
health. All sampling personnel will have completed the 40-hour Hazardous Waste
Operations and Emergency Response (HAZWOPER) training course and 8-hour
refresher courses, as necessary, to meet the Occupational Safety and Health
Administration regulations.

2.6 DOCUMENTATION AND RECORDS

The following sections describe documentation and records needed for field
observations and laboratory analyses.

East Waterway Operable Unit Subsurface Sediment QAPP
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2.6.1 Field observations

All field activities will be recorded in a field logbook maintained by the FC. The field
logbook will provide a description of all sampling activities, conferences associated
with field sampling activities, sampling personnel, and weather conditions, plus a
record of all modifications to the procedures and plans identified in this QAPP and the
HSP (Appendix A). The field logbook will consist of bound, numbered pages. All
entries will be made in indelible ink. The field logbook is intended to provide
sufficient data and observations to enable participants to reconstruct events that
occurred during the sampling period.

The following forms, included as Appendix B, will also be used to record pertinent
information during core collection and processing:

# Sediment core collection log
¢ MudMole™ bore log

¢ Sediment core processing log
& Protocol modification form

During core collection, field personnel will record field conditions and drive notes on
the sediment core collection log and MudMole™ bore log. The recorded data will
include the following:

Depth from the water surface to mudline using a leadline!
Location of each station as determined by DGPS
Date and time of collection of each sediment core sample

Names of field personnel collecting and handling the cores

* & 6 o o

Observations made during core collection, including weather conditions,
complications, ship traffic, and other details associated with the sampling
effort

4

The sample station identification

& Length and depth intervals of each core section and estimated recovery for
each sediment sample as measured from MLLW

# Qualitative notation of apparent resistance of sediment column to coring (how
the core drove)

¢ Any deviation from the approved QAPP

During core processing, a sediment description of each core will be recorded on the
sediment core processing log. The following parameters will be noted:

1 This depth will be used to calculate the mudline elevation relative to MLLW after sampling using tidal
elevation data (see Section 3.2.2).
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*

Sample recovery

Physical soil description in accordance with ASTM procedures (ASTM D 2488
and ASTM D 2487 - Unified Soil Classification System) including soil type,
density/ consistency of soil, and color

Odor (e.g., hydrogen sulfide, petroleum)
Visual stratification, structure, and texture

Vegetation and debris (e.g. woodchips or fibers, paint chips, concrete, sand
blast grit, metal debris

Biological activity (e.g., detritus, shells, tubes, bioturbation, live or dead
organisms)

Presence of oil sheen

2.6.2 Laboratory records

The laboratory record requirements for the sediment chemistry data are described
below. All of the contract laboratories to be used for this investigation are accredited
by the Washington State Department of Ecology (Ecology).

The chemistry laboratories will be responsible for internal checks on sample handling
and analytical data reporting and will correct any errors identified during the QA
review. Data packages from the laboratories will be submitted electronically and will
include the following:

*

Project narrative - This summary, in the form of a cover letter, will present
any problems encountered during any aspect of analysis. The summary will
include, but not be limited to, a discussion of QC, sample shipment, sample
storage, and analytical difficulties. Any problems encountered by the
laboratory, and their resolutions, will be documented in the project narrative.

Records - Legible copies of the chain-of-custody (COC) forms will be provided
as part of the data package. This documentation will include the time of receipt
and the condition of each sample received by the laboratory. Additional

internal tracking of sample custody by the laboratory will also be documented.

Sample results - The data package will summarize the results for each sample
analyzed. The summary will include the following information, as applicable:

+ Field sample identification (ID) code and the corresponding laboratory ID
code

+ Sample matrix
+ Date of sample extraction/digestion
+ Date and time of analysis

+ Weight and/or volume used for analysis
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*

*

Final dilution volumes or concentration factor for the sample
Percent moisture in the samples

Identification of the instruments used for analysis

MDLs and RLs

All data qualifiers and their definitions

¢ QA/QC summaries - These summaries will contain the results of all QA /QC
procedures. Each QA /QC sample analysis will be documented with the same
information as that required for the sample results (see above). The laboratory
will make no recovery or blank corrections. The required summaries are listed
below.

*

The calibration data summary will contain the concentrations of the initial
calibration and daily calibration standards and the date and time of
analysis. The response factor, percent relative standard deviation (%RSD),
relative percent differences (RPDs), and retention time for each analyte will
be listed, as appropriate. Results for standards analyzed at the RL to
determine instrument sensitivity will be reported.

The internal standard area summary will report the internal standard areas,
as appropriate.

The method blank analysis summary will report the method blank analysis
associated with each sample and the concentrations of all compounds of
interest identified in these blanks.

The surrogate spike recovery summary will report all surrogate spike
recovery data for organic analyses. The names and concentrations of all
compounds added, percent recoveries, and QC limits will be listed.

The matrix spike (MS) recovery summary will report the MS or MS
duplicate (MSD) recovery data for analyses, as appropriate. The names and
concentrations of all compounds added, percent recoveries, and QC limits
will be included in the data package. The RPD for all MS/MSD analyses
will be reported.

The laboratory replicate summary will report the RPD for all laboratory
replicate analyses. The QC limits for each compound or analyte will be
listed.

The standard reference material (SRM) analysis summary will report the
results and recoveries of the SRM analyses and list the accuracy, as defined
in Section 3.4.2, for each analyte, when available.

The laboratory control sample (LCS) analysis summary will report the
results of the analyses of the LCS. The QC limits for each compound or
analyte will be included in the data package.
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o The relative retention time summary will report the relative retention times
for the primary and confirmational columns of each analyte detected in the
samples, as appropriate.

¢ Original data - Legible copies of the original data generated by the laboratory
will be provided, including the following:

+ Sample preparation, extraction/digestion, and cleanup logs

+ Instrument analysis logs for all instruments used on days of calibration and
analysis

+ Chromatograms for all samples, blanks, calibration standards, MS/MSD,
laboratory replicate samples, LCS, and SRM samples for all gas
chromatography analyses

+ Reconstructed ion chromatograms of target chemicals detected in the field
samples and method blanks for all gas chromatography/mass spectrometry
(GC/MS) analyses

+ Enhanced and unenhanced spectra of target chemicals detected in field
samples and method blanks, with associated best-match spectra and
background-subtracted spectra, for all GC/MS analyses.

+ Quantitation reports for each instrument used, including reports for all
samples, blanks, calibrations, MS/MSD, laboratory replicates, LCS, and
SRMs

The contract laboratories for this project will submit data electronically in EarthSoft
EQuIS® standard four-file. Guidelines for electronic data deliverables for chemical
data is provided on the EarthSoft website, http:/ /www.earthsoft.com/en/index.html,
and additional information will be communicated to the laboratories by the project
QA /QC coordinator or data manager. All electronic data submittals must be tab-
delimited text files with all results, MDLs, and RLs reported to the appropriate
number of significant figures. If laboratory replicate analyses are conducted on a
single submitted field sample, the laboratory sample identifier must distinguish
among the replicate analyses.

2.6.3 Datareduction

Data reduction is the process by which original data are converted or reduced to a
specified format or unit to facilitate the analysis of the data. For example, a final
analytical concentration may need to be calculated from a diluted sample result. Data
reduction requires that all aspects of sample preparation that could affect the test
result, such as sample volume analyzed or dilutions required, be taken into account in
the final result. It is the laboratory analyst’s responsibility to reduce the data, which
are subjected to further review by the laboratory PM, the Windward PM, the project
QA/QC coordinator, and independent reviewers. The data will be generated in a form
amenable to review and evaluation. Data reduction may be performed manually or
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electronically. If performed electronically, all software used must be demonstrated to
be true and free from unacceptable error.

During chemical analysis, samples are occasionally diluted after the initial analysis if
the estimated concentration curve for one or more of the target analytes is above the
calibration curve. In these instances, concentrations from the initial analysis will be
identified as the “best result” for all target analytes other than the chemical(s) that was
originally above the calibration range. The “best result” for this qualified analyte(s)
will be taken from the diluted sample.

2.6.4 Datareport

A data report will be prepared documenting all activities associated with the
collection, handling, and analysis of samples. At a minimum, the following will be
included in the data reports:

& Summary of all field activities, including descriptions of any deviations from
the approved QAPP

+ Copies of field forms, including core collection logs, MudMole™ bore logs,
and sediment core processing logs

& Summary spreadsheet containing information from field forms

4

Sediment sampling locations reported in latitude and longitude to the nearest
one-tenth of a second and in northing and easting to the nearest foot

Plan view of the project showing the actual sampling locations
Summary of the QA /QC review of the analytical data

Data validation reports (appendices)

* & oo o

Results from the analysis of field samples (including field QC samples), both as
summary tables in the main body of the report and appendices with data
forms submitted by the laboratories and as crosstab tables produced from
Windward’s database

Analytical data will be validated within 4 weeks of the receipt of data packages from
the laboratories. A draft data report will be submitted to EPA (date tbd). Once the data
report has been approved by EPA, a database export will be created from Windward’s
database. The data will be exported in a format compatible with Ecology’s
Environmental Information Management System, which consists of separate tables for
events, locations, samples, and results. Data will also be provided to EPA in Microsoft
Access®. Any relevant geographic information system (GIS) files will also be
transmitted to EPA.
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3 Data Generation and Acquisition

This section describes the collection and handling of sediment samples for chemical
analyses. Elements include sampling design; sampling methods; sample handling and
custody requirements; analytical methods; QA /QC, instrument/equipment testing
and frequency, inspection and maintenance; instrument calibration; supply
inspection/acceptance; and data management.

3.1 SAMPLING DESIGN

This section describes the sampling design developed to meet the data needs
presented in Section 2.2 for the placement of subsurface sediment samples and the
chemical analyses of these samples.

3.1.1 Sampling locations

The primary objectives of the subsurface sediment sampling are to characterize the
nature and extent of subsurface chemical contamination in the EW as part of the SRI,
and to provide data to delineate the depth of potential cleanup areas and support
consideration of MNR in the FS. The following information was used in considering
the selection of core locations:

¢ Existing surface sediment data - Existing surface sediment chemistry data
collected since 1995 were evaluated and core locations were placed in selected
areas with elevated chemical concentrations based on comparisons to the
SQS/CSL and SL/ML (Maps 2-2a and 2-2b). Within the Phase 1 dredge area,
surface sediment data collected after dredging but prior to clean sand
placement were evaluated to determine the need for additional subsurface
cores in this area (Map 2-3). Surface sediment chemistry data were collected for
the SRI/FS in March 2009 and a second round of sampling is planned for May
2009; preliminary chemistry data will be reviewed as soon as they are
available. Additional locations may be selected based on these new data.

+ Existing subsurface sediment data - Subsurface sediment chemistry data
collected in the EW since 1990 were reviewed and some locations were selected
for resampling if existing data were not sufficient to evaluate the vertical
extent of contamination (e.g., if chemical concentrations were above the CSL of
the SMS within the deepest core interval or if the resolution of the core
intervals was larger than the preferred depth of 2 ft) (Maps 2-2a and 2-2b).
Existing subsurface sediment sampling locations and data for samples with
chemical concentrations exceeding the SQS/CSL and SL/ML are presented in
Appendix D.

o Proximity to outfalls - Outfalls were evaluated in selecting subsurface
sampling locations because they are considered potential sources of subsurface

contamination.
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¢ Geochronology cores - Locations where geochronology cores will be collected
separately as part of the sediment transport investigation (Anchor 2009) were
considered for collection of subsurface sediment cores. Subsurface sediment
cores at these locations will be analyzed at a finer depth resolution (i.e., 0.5-ft
intervals compared to 2-ft intervals at other locations; see Section 3.1.2)
Chemical profiles at these locations will be used in coordination with data
generated from the geochronology cores to evaluate MNR as a remedial option
in the FS. Geochronology core locations in the main channel of the EW were
not considered for subsurface sampling because of the likelihood of
disturbance of the depth profile in the upper horizon from propwash.

# Spatial coverage - Following the placement of cores based on the
considerations above, the spatial coverage of sampling locations was reviewed
to ensure that sufficient data will be available to evaluate the nature and extent
of subsurface chemical concentrations throughout the EW in the SRI/FS.

Maps 2-2a, 2-2b, and 2-3 summarize the information used in the selection process for
subsurface core locations, including historical surface and subsurface sampling
locations, historical surface and subsurface sediment SQS/ CSL exceedances, outfalls,
dredged areas, and geochronology core locations. These figures also present the 63
subsurface sampling locations that were selected for sampling as a result of this
selection process. Table 3-1 presents the rationale for the selection of each subsurface
core location.
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Table 3-1. Subsurface sediment chemistry sampling locations in the EW
CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS ESTIMATED
SEDIMENT QUALITY DEPTH TO
DETECTED DETECTED LoweR
HISTORICAL SURFACE SURFACE SUBSURFACE GEoO- NATURE ALLUVIUM
SUBSURFACE OR SUBSURFACE CHEMICAL CHEMICAL CHRONOLOGY AND POTENTIAL (ft below
LOCATIONID | SAMPLE LOCATIONID | EXCEEDANCES | EXCEEDANCES | OUTFALL CORE EXTENT MNR AREA® RATIONALE mud Iine)b
no
1 not previously sampled exceedances no data X X X geoc_:hronology core, na
at nearby spatial coverage
location
near phenol CSL
exceedance in surface
2 not previously sampled near CSL no data X X X X 3?&3?3?3 t near storm na
geochronology core;
spatial coverage
near PCB CSL in
3 not previously sampled near CSL no data X X X surface sediment; near na
storm drain 4
’ spatial coverage; near
4 not previously sampled no data no data X X X storm drain 36 na
no
5 not previously sampled ex;:te ﬁg:lpbcyes no data X X X spatial coverage na
location
near PCB SQS
exceedance in surface
’ sediment; near PCB,
6 not previously sampled near SQS near CSL X X X BEHP, and mercury 0-10
CSL exceedances in
subsurface sediment
7 not previously sampled no data no data X X X geoc_:hronology core; 13-23
spatial coverage
near mercury CSL
8 not previously sampled near CSL no data X X exceedance in surface 0-13
sediment:
9 not previously sampled no data no data X X near Hinds CSO; 0-3
spatial coverage
: near storm drains 6 and
10 not previously sampled no data no data X X 7 spatial coverage na
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SUBSURFACE
LocATioN ID

HISTORICAL SURFACE
OR SUBSURFACE
SAMPLE LocATION ID

CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS

SEDIMENT QUALITY

DETECTED

SURFACE

CHEMICAL
EXCEEDANCES

DETECTED
SUBSURFACE
CHEMICAL
EXCEEDANCES

OUTFALL

GEO-
CHRONOLOGY
CORE

NATURE
AND
EXTENT

POTENTIAL
MNR AReA®

RATIONALE

ESTIMATED
DEPTH TO
LowER
ALLUVIUM
(ft below
mudlin e)b

11

2145 (surface)
2254 (subsurface)

CsL

CsL

BEHP CSL exceedance
in surface sediment;
PCB, mercury, BEHP,
and silver CSL
exceedances in
subsurface sediment

12

not previously sampled

no data

near SQS

near PCB SQS
exceedance in
subsurface sediment;
spatial coverage

13

1643 (subsurface)

no data

none

spatial coverage

28-11

14

not previously sampled

no data

no data

spatial coverage

28-6

15

1614 (subsurface)

no data

CsL

PCB CSL exceedance
and mercury and BEHP
SQS exceedance in
subsurface sediment

3.4-10

16

1630 (subsurface)

no data

CsL

provide additional
information below
historical PCB CSL
exceedance in 0-to-4-ft
sediment core

17

1676 (subsurface)

no data

CsL

PCB and mercury CSL
exceedances, bioassay
CSL exceedance;
spatial coverage

18

not previously sampled

near SQS

near SQS

near PCB SQS
exceedance in surface
sediment; near PCB
and mercury SQS
exceedances in
subsurface sediment;
spatial coverage

19

not previously sampled

near CSL

near CSL

additional coverage
near Hanford CSO and
storm drain 32; near
PCB CSL exceedances
in surface and
subsurface sediment
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SUBSURFACE
LocATioN ID

HISTORICAL SURFACE
OR SUBSURFACE
SAMPLE LocATION ID

CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS

SEDIMENT QUALITY

DETECTED

SURFACE

CHEMICAL
EXCEEDANCES

DETECTED
SUBSURFACE
CHEMICAL
EXCEEDANCES

OUTFALL

GEO-
CHRONOLOGY
CORE

NATURE
AND
EXTENT

POTENTIAL
MNR AReA®

RATIONALE

ESTIMATED
DEPTH TO
LowER
ALLUVIUM
(ft below
mudlin e)b

20

not previously sampled

near CSL°

no data

near 1,4-
dichlorobenzene and
mercury CSL
exceedance in surface
sediment; spatial
coverage

21

not previously sampled

near SQS

no data

near PCB, mercury,
BEHP, and
1,4-dichlorobenzene
SQS exceedances in
surface sediment; near
Hanford CSO and
storm drain 31

22

not previously sampled

near CSL°®

no data

near PCB CSL
exceedance in surface
sediment; spatial
coverage

na

23

not previously sampled

near CSL

near CSL

near PCB,
acenapthene and N-
nitrosodiphenylamine
CSL exceedances in
surface sediment; near
PCB, cadmium copper,
mercury, silver, zinc,
BEHP, and multiple
individual PAH CSL
exceedances in
subsurface sediment

na

24

not previously sampled

near CSL

near CSL

additional coverage
near Hanford CSO and
storm drain 31; near
mercury CSL
exceedance in surface
and subsurface
sediment and
1,4-dichlorobenzene
CSL exceedance in
subsurface sediment
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SUBSURFACE
LocATioN ID

HISTORICAL SURFACE
OR SUBSURFACE
SAMPLE LocATION ID

CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS

SEDIMENT QUALITY

DETECTED

SURFACE

CHEMICAL
EXCEEDANCES

DETECTED
SUBSURFACE
CHEMICAL
EXCEEDANCES

OUTFALL

GEO-
CHRONOLOGY
CORE

NATURE
AND
EXTENT

POTENTIAL
MNR AReA®

RATIONALE

ESTIMATED
DEPTH TO
LowER
ALLUVIUM
(ft below
mudlin e)b

25

not previously sampled

near CSL®

no data

near PCB, mercury,
and
1,2,4-trichlorobenzene
CSL exceedances in
surface sediment;
spatial coverage

26

not previously sampled

near SQS

no data

near PCB and
hexachlorobenzene
SQS exceedances in
surface sediment;
spatial coverage

na

27

not previously sampled

no data

no data

geochronology core;
spatial coverage

na

28

not previously sampled

near CSL°®

no data

mercury CSL
exceedance and PCB
SQS exceedance in
surface sediment

11-14

29

not previously sampled

near CSL

no data

near PCB and mercury
CSL exceedances in
surface sediment;
Spatial coverage

na

30

not previously sampled

no data

no data

spatial coverage

na

31

not previously sampled

near SQS°

no data

near PCB and mercury
SQS exceedances in
surface sediment;
spatial coverage

na

32

1633 (subsurface)

no data

CsL

provide additional data
at location with CSL
exceedances for zinc,
mercury, and cadmium
in 0-to-4-ft core

33

not previously sampled

no data

no data

geochronology core;
spatial coverage

na

34

10263 (surface)

CsL®

no data

provide additional data
at location with mercury
CSL exceedance;
spatial coverage

na
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CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS ESTIMATED
SEDIMENT QUALITY DEPTH TO
DETECTED DETECTED LOwER
HISTORICAL SURFACE SURFACE SUBSURFACE GEo- NATURE ALLUVIUM
SUBSURFACE OR SUBSURFACE CHEMICAL CHEMICAL CHRONOLOGY AND POTENTIAL (ft below
LocATIONID | SAMPLE LOCATIONID | EXCEEDANCES | EXCEEDANCES | OUTFALL CORE EXTENT MNR AReA® RATIONALE mud Iine)b
provide additional data
at location with CSL
exceedances for
35 1662 (subsurface) no data CSL X bis(2-ethylhexyl) 1-8
phthalate and
hexachlorobenzene in
0-to-4-ft core
near PCB and mercury
. c SQS exceedance in
36 not previously sampled near SQS no data X surface sediment: na
spatial coverage
37 not previously sampled no data no data X spatial coverage na
spatial coverage in
38 not previously sampled no data no data X X vicinity of Lander CSO 2-7
and storm drain 29
39 not previously sampled no data no data X spatial coverage na
PCB, mercury, and
40 1396 (subsurface) no data csL X BEHP CSL 1-2
exceedances in
subsurface sediment
spatial coverage; near
41 not previously sampled near SQS no data X PCB SQS exceedance 15-6
in surface sediment
near PCB CSL
exceedance in surface
sediment; near PCB
42 not previously sampled near CSL near CSL X and mercury CSL 0-4
exceedances in
0-to-4-ft sediment
cores; spatial coverage,
43 not previously sampled no data no data X spatial coverage 2-3
near location near location spatial coverage near
44 not previously sampled with no with no X u{)ilit Crossin 9 0-6
exceedances | exceedances Y 9
East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle EINAL January 2010

Page 21




SUBSURFACE
LocATioN ID

HISTORICAL SURFACE
OR SUBSURFACE
SAMPLE LocATION ID

CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS

SEDIMENT QUALITY

DETECTED

SURFACE

CHEMICAL
EXCEEDANCES

DETECTED
SUBSURFACE
CHEMICAL
EXCEEDANCES

OUTFALL

GEO-
CHRONOLOGY
CORE

NATURE
AND
EXTENT

POTENTIAL
MNR AReA®

RATIONALE

ESTIMATED
DEPTH TO
LowER
ALLUVIUM
(ft below
mudlin e)b

45

not previously sampled

near SQS

no data

spatial coverage, near
SQS exceedances in
surface sediment for
PCBs and
acenaphthene

23-15

46

not previously sampled

no data

no data

spatial coverage near
utility crossing

47

2141 (surface)

CsL

near SQS

PCB CSL exceedance
in surface sediment;
near mercury SQS
exceedance in
subsurface sediment;
spatial coverage

48

not previously sampled

near SQS

no data

near PCB SQS in
surface sediment;
spatial coverage

49

not previously sampled

no data

no data

spatial coverage

50

2135 (surface)

SQS

near CSL

mercury and PCB SQS
exceedances in surface
sediment; near PCB,
mercury, BEHP, and
multiple individual PAH
CSL exceedances in
subsurface sediment

51

2134 (surface)

CsL

near CSL

PCB CSL exceedance
in surface sediment;
near PCB and 1,4-
dichlorobenzene CSL
exceedances in
subsurface sediment
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CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS ESTIMATED
SEDIMENT QUALITY DEPTH TO
DETECTED DETECTED LOwER
HISTORICAL SURFACE SURFACE SUBSURFACE GEo- NATURE ALLUVIUM
SUBSURFACE OR SUBSURFACE CHEMICAL CHEMICAL CHRONOLOGY AND POTENTIAL (ft below
LocATIONID | SAMPLE LOCATIONID | EXCEEDANCES | EXCEEDANCES | OUTFALL CORE EXTENT MNR AReA® RATIONALE mud Iine)b
near arsenic CSL
exceedance in surface
sediment; near PCB,
mercury, arsenic, lead,
52 not previously sampled near CSL near CSL X 2,4-dimethylphenol, 2- 5-25
methylphenol, 4-
methylphenol, and
multiple individual PAH
CSL exceedances in
subsurface sediment
53 not previously sampled no data no data X spatial coverage 0-2
arsenic CSL
exceedance in surface
sediment; near PCB,
54 2157 (surface) CSL near CSL mercury, BEHP, 4- na
methylphenol, and
multiple individual PAH
CSL exceedances in
subsurface sediment
55 not previously sampled no data no data X spatial coverage 0-2
56 2170 (surface) SQS none PCB SQS exceedance 0-4
in surface sediment;
near acenaphthene,
fluorene, and
’ near SQS and phenanthrene CSL
57 not previously sampled csL no data X exceedances and PCB 0-6
SQS exceedance in
surface sediment
58 not previously sampled no data no data X spatial coverage 0-6
near PCB SQS
59 not previously sampled near SQS no data exceedances in surface 0-4
sediment
near acenaphthene
60 not previously sampled near CSL no data CSL exceedance in 3-12
surface sediment
61 not previously sampled no data no data X spatial coverage na
62 not previously sampled no data no data X spatial coverage 0-14
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SUBSURFACE
LocATioN ID
63

100

101

é The head of the waterway will be evaluated as a potential MNR area. These locations will be sectioned at a finer resolution (Method B) as described in Section 3.1.2).

Available lines of evidence used to estimated depths to native alluvium included adjacent historic cores (as shown in Figures 1a and 1b in Appendix F and historical dredge
records). Ranges are provided based on uncertainty associated with these estimates.

HISTORICAL SURFACE
OR SUBSURFACE
SAMPLE LocATION ID

not previously sampled

not previously sampled

not previously sampled

CONSIDERATIONS FOR PLACING SAMPLING LOCATIONS

SEDIMENT QUALITY

DETECTED
SURFACE
CHEMICAL
EXCEEDANCES

no data

proximate to
TBT porewater
SL exceedance

proximate to
TBT porewater
SL exceedance

DETECTED
SUBSURFACE
CHEMICAL
EXCEEDANCES

no data

CHRONOLOGY
OUTFALL

NATURE
AND
EXTENT

X

POTENTIAL
MNR AREA®

well as those collected prior to clean sand placement (i.e., during post-dredge monitoring and pre-sand placement sampling events).

d

BEHP — bis(2-ethylhexyl) phthalate

ID — identification

CSL - cleanup screening level

CSO - combined sewer overflow

MNR — monitored natural recovery

Subsurface samples will be collected with geotechnical core taken at this location.

na — not available (because of a lack of historical core information)

PAH - polycyclic aromatic hydrocarbon

PCB - polychlorinated biphenyl

SQS - sediment quality standards
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RATIONALE
spatial coverage

spatial coverage

spatial coverage

ESTIMATED
DEPTH TO
LowER
ALLUVIUM
(ft below
mudlin e)b

na

na

na

Surface sediment data for locations within the Phase 1 removal action boundary were obtained from surface sediment samples collected during recontamination monitoring as



Subsurface cores will be collected to depths of ranging from 4 to 14 ft (2.4 to 4.3 m)
below mudline or refusal, whichever is reached first. The core collection depth at each
location will be based on the expected depth of native sediment in the vicinity of that
location, as evaluated in Appendix F and presented in Table 3-1. Cores will be
obtained to the deepest sediment depth practicable. The limiting factors that may
control the actual sampling depth include the length of the core tube (14 ft, except for
4-ft cores at Terminal 30 [T-30]) and core refusal. The cores will be examined upon
collection, and a determination will be made as to whether native alluvium has been
reached. Further examination of the cores during processing may be needed to reach a
final determination. EPA will be notified with the results of the determination for each
core on a daily basis. There is no assumption that the native alluvium represents
pre-industrial material that is not contaminated, and these sediments will be analyzed,
if necessary, based on the results for the overlying sediment intervals. Table 3-2
presents the location coordinates for the subsurface sediment sampling locations.

Table 3-2. Subsurface sediment sampling location coordinates

ESTIMATED DEPTH
ABOVE (+) OR BELOW (-)

LOCATION X COORDINATE? | Y COORDINATE® LATITUDE® LONGITUDE” MLLW (ft)®
1 1267032 211459 47.56964 -122.34597 na
2 1267126 211751 47.57045 -122.34561 na
3 1267044 212025 47.5712 -122.34597 na
4 1267343 212070 47.57134 -122.34476 na
5 1267231 212246 47.57181 -122.34523 -12
6 1267396 212537 47.57262 -122.34458 -30
7 1267191 212587 47.57275 -122.34542 -16
8 1267533 212850 47.57349 -122.34405 -36
9 1267756 212976 47.57384 -122.34316 -48
10 1267114 213011 47.5739 -122.34576 -36
11 1267404 213062 47.57406 -122.34459 -38
12 1267225 213429 47.57506 -122.34535 -40
13 1267786 213481 47.57523 -122.34308 -48
14 1267761 213730 47.57591 -122.34320 -50
15 1267156 213760 47.57596 -122.34565 -42
16 1267593 213782 47.57604 -122.34388 -46
17 1267365 213811 47.57611 -122.34481 -44
18 1267204 214045 47.57674 -122.34548 -40
19 1267759 214130 47.57701 -122.34324 -52
20 1267678 214189 47.57716 -122.34357 -52
21 1267769 214348 47.5776 -122.34321 -50
22 1267333 214426 47.57779 -122.34499 -54
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ESTIMATED DEPTH
ABOVE (+) OR BELOW (-)
LOCATION X COORDINATE? | Y COORDINATE? LATITUDE” LONGITUDE” MLLW (ft)°
23 1268428 214536 47.57815 -122.34056 -16
24 1267778 214561 47.57819 -122.34320 -48
25 1267556 214621 47.57834 -122.34410 -54
26 1267148 214666 47.57844 -122.34576 -52
27 1268221 214738 47.5787 -122.34142 -26
28 1267507 214901 47.5791 -122.34432 -54
29 1267830 214927 47.57919 -122.34301 -10
30 1268098 215026 47.57948 -122.34193 -46
31 1267287 215034 47.57946 -122.34522 -54
32 1267676 215084 47.57962 -122.34365 -40
33 1267871 215110 47.5797 -122.34286 -32
34 1267416 215363 47.58037 -122.34473 -54
35 1267806 215510 47.58079 -122.34316 -44
36 1267602 215781 47.58152 -122.34401 -54
37 1267215 215783 47.58151 -122.34557 -54
38 1267779 215793 47.58156 -122.34329 -42
39 1267371 216089 47.58235 -122.34497 -54
40 1267408 216466 47.58339 -122.34485 -54
41 1267792 216611 47.58381 -122.34330 -46
42 1267504 216787 47.58427 -122.34448 -54
43 1267235 216832 47.58438 -122.34558 -54
44 1267472 217192 47.58538 -122.34465 -54
45 1267777 217252 47.58556 -122.34341 -46
46 1267210 217355 47.58582 -122.34572 -54
47 1267422 217660 47.58666 -122.34488 -56
48 1267855 217669 47.58671 -122.34313 -34
4 1267431 217970 4758751  -122.34487 -54
50 1267839 218092 47.58787 -122.34323 -38
51 1267316 218213 47.58817 -122.34536 -58
52 1267874 218317 47.58849 -122.34310 -30
53 1267694 218506 47.589 -122.34385 -54
54 1267907 218620 47.58932 -122.34300 -8
55 1267245 218670 47.58942 -122.34568 -56
56 1267478 218688 47.58948 -122.34474 -56
57 1268204 218890 47.59008 -122.34181 -34
58 1268991 218983 47.59037 -122.33863 -34
59 1268509 218984 47.59035 -122.34059 -36
60 1268052 218994 47.59035 -122.34244 -40
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ESTIMATED DEPTH
ABOVE (+) OR BELOW (-)

LOCATION X COORDINATE? | 'Y COORDINATE? LATITUDE” LONGITUDE” MLLW (ft)°
61 1267826 219053 47.5905 -122.34336 -42
62 1267287 219275 47.59108 -122.34556 -56
63 1267775 219508 47.59175 -122.34360 -52
100
101

& Coordinates are in Washington State Plane N, NAD83, US ft.
b Coordinates are in degrees and decimal minutes, NAD83.

Depth estimated from recent bathymetry data (Windward and DEA 2004).
MLLW — mean lower low water

NAD83 — North American Datum of 1983

na — no bathymetry data available at these locations

Cc

3.1.2 Sectioning of sediment cores

At each location, single cores will be collected. Collection and processing of sediment
cores is discussed in detail in Sections 3.2.3 and 3.2.4, respectively. After processing,
each core will be sectioned for chemical and physical analyses according to one of
three methods, referred to as Methods A, B, and C. The lengths of the core sections
discussed below represent the measurements of actual recovered core lengths rather
than in situ depths calculated from the bore logs. Core intervals will be divided at 0.5-
or 2-ft (15- or 60-cm) intervals, as described below. However, sections may be divided
at slightly different intervals if clear discontinuities are identified.

The majority of cores (51 of the 63) will be sectioned into 2-ft intervals according to
Method A (Figure 3-1; Map 2-4a). Nine cores (the southernmost cores [SCO1 through
SCO08, SC11]) will be sectioned into 2-ft intervals, and 0.5-ft intervals will also be
archived, according to Method B (Figure 3-2; Map 2-4b). The remaining three cores,
located in the T-30 dredge prism (SC38, SC41, and SC45), will be sectioned into 1-ft
intervals for the top 2 ft, with the lower intervals archived, according to Method C
(Figure 3-3; Map 2-4b). Upon review of the preliminary data from the analyzed 1-ft
and 2-ft sample intervals along with SMS criteria, EPA and EWG will agree upon
selected chemicals for analysis in the archived 0.5-ft intervals or archived deeper
intervals, in consultation with the stakeholders. The chemical profile data in the
finer-resolution cores (i.e., cores with 0.5-ft sample intervals) will be used to evaluate
MNR as a remedial option in the FS.
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parameters?
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Aroclors), SVOCs, and conventional/ physical
parameters?

Note: For reference, 1 ft is equal to 30 cm

a

A subset of samples will be analyzed for physical parameters

(Atterberg limits, specific gravity, and bulk density) as described in
Section 3.1.3. A subset of samples will also be analyzed for bulk
TBT and organochlorine pesticides as described in Section 3.1.3. A
subset of samples may be selected for dioxin/furan analysis after the

preliminary SRI surface sediment data have been reviewed.

A — Archive for potential chemical analysis of deeper intervals based on
results from 0- to-2-ft and 2-to-4-ft intervals. If volume is sufficient in
the 2-ft intervals, sediment will also be archived for potential grain
size analysis. For cores greater than 10 ft deep, samples from 2-ft
intervals below 10 ft will also be archived.

Figure 3-1. Core processing Method A
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& A subset of samples will be analyzed for physical parameters

(Atterberg limits, specific gravity, and bulk density) as described in
Section 3.1.3. A subset of samples may be selected for dioxin/furan
analysis after the preliminary SRI surface sediment data have been
reviewed.

A — Archive for potential analysis of specific chemicals in 0.5-ft intervals
or deeper 2-ft intervals, based on results from the 0-to-2-ft and 2-to-
4-ft intervals. If volume is sufficient in the 2-ft intervals, sediment will
also be archived for potential grain size analysis. For cores greater
than 10 ft deep, samples from 2-ft intervals below 10 ft will also be
archived.

Figure 3-2. Core processing Method B
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Analyze for metals, mercury, PCBs (as Aroclors), SVOCs,
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A subset of samples will be analyzed for physical parameters
(Atterberg limits, specific gravity, and bulk density) as described in
Section 3.1.3. A subset of samples may be selected for dioxin/furan

analysis after the preliminary SRI surface sediment data have been
reviewed.

A — Archive for potential chemical analysis of deeper intervals based on
results from 0-to-1-ft and 1-to-2-ft intervals. If volume is sufficient,
sediment will also be archived for potential grain size analysis. For

cores greater than 4 ft deep, samples from intervals below 4 ft will be
archived at 2-ft intervals.

Figure 3-3. Core processing Method C
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Method B locations were selected only in the southern portion of the EW where there
is a potential for MNR. Sediment deposition is expected to be higher in the area just
north of the narrow portion of the EW because of the physical shape of the EW. The
conceptual site model for the EW suggests that gross sedimentation may be higher in
this area because the increased cross-sectional area causes a substantial reduction in
velocity and an associated increase in sedimentation (Anchor and Windward 2008). In
addition, gross sedimentation could be higher in the southern portion of the main
body of the EW (i.e., north of the bridges) because total suspended solids (TSS) that
have settled into the lower water column will have a net flux to the south due to the
net southerly velocities near the bottom (Anchor and Windward 2008).

Method C was selected for the three cores in the T-30 dredge boundary because of the
recent dredge event in this area. A review of historical bathymetry records suggests
that this area is now at its deepest historical depth. Therefore, the native alluvium
layer should be attainable using a 4-ft core. The cores will be sectioned into 1-ft
intervals to provide a finer resolution for these cores, which may contain a thin layer
of recent sedimentation over native material. The first two 1-ft intervals will be
analyzed, and the remaining two 1-ft intervals will be archived. Post-dredge
monitoring in this area revealed SMS exceedances in the 0-to-10-cm surface sediment
samples.

Method A involves sectioning the core into 2-ft intervals and submitting the samples
for the first two intervals (0 to 2 and 2 to 4 ft) for initial chemical analyses. Samples
collected from the lower depth intervals (4 to 6, 6 to 8, 8 to 10, 10 to 12, and 12 to 14 ft,
depending on the depth of the core) will be archived. The selection of archived
samples for additional analyses will be agreed upon by EPA and EWG, in consultation
with stakeholders, based on preliminary, unvalidated data. Factors that will be
considered in selecting archived samples for chemical analyses include the exceedance
of SMS criteria or Dredged Material Management Program (DMMP) guidelines in
upper intervals or in nearby cores, or the presence of staining/discoloration, sheen, or
odor.

For Method B, the uppermost 6 ft of each core will be divided in half lengthwise
(Figure 3-2). One of the halves will then be divided horizontally into three 2-ft (60-cm)
sections (i.e., 0 to 2, 2 to 4, and 4 to 6 ft), and the other half will be divided into 12 0.5-ft
(15-cm) sections. The bottom portion of the core will be divided into 2-ft sections (i.e.,
6 to 8, 8 to 10, 10 to 12, and 12 to 14 ft depending on the length of core recovered).

Chemical analyses will initially be conducted on the two 2-ft composite samples from
the O-to-2-ft and 2-to-4-ft intervals. Sediment from 0.5-ft intervals in each core will be
archived. These archived samples may be analyzed for a subset of the chemicals
analyzed in the 0-to-2-ft and 2-to-4-ft core sections. The specific chemicals that may be
analyzed in the archived 0.5-ft intervals will be determined by EPA and EWG, in
consultation with stakeholders, based on the preliminary, unvalidated chemistry
results in the 0-to-2-ft and 2-to-4-ft intervals. The remaining 2-ft composite samples
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collected from the lower intervals will also be archived. These samples may be
selected for analysis in consultation with EPA based on preliminary, unvalidated data
from the upper core intervals.

For Method A, approximately 120 oz of sediment will be available from each 2-ft
section. A sample volume of 40 oz is needed for all chemical analyses and 12 oz is
needed for all physical analyses (see Section 3.3.1). For Method B, an estimated volume
of 15 oz will be available from each 0.5-ft section. Thus, the sediment volumes in the
0.5-ft sections will not be sufficient for the full suite of chemical analyses, but will be
sufficient for the analysis of a subset of chemicals where a need for finer scale
resolution is indicated by the results from the 2-ft sections. If major discontinuities or
contacts are observed visually in the sediment profiles within these 2-ft sections, and
the cores are sectioned accordingly, as discussed in Section 3.2.4, it may be necessary
to collect more than one core at a particular location to obtain sufficient sediment
volume for chemical analyses. The process for collecting and homogenizing additional
cores at the same location is discussed in Section 3.2.4. Sampling intervals for the 0.5-ft
sections may be adjusted based on the presence of minor discontinuities or contacts in
sediment stratigraphy, as described in Section 3.2.4, but the sections will not be
divided into intervals of less than 0.5 ft.

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page 32



3.1.3 Chemical and physical analyses of subsurface sediment samples

Each subsurface sediment sample identified for chemical analyses (except archived
samples) will be analyzed for SMS chemicals (SVOCs, PCB Aroclors, mercury, and
other metals) using analytical methods presented in Section 3.4. Each subsurface
sediment sample (except archived samples) identified for chemical analyses will also
be analyzed for TOC, total solids, and grain size. A subset of cores will be analyzed for
physical parameters to adequately characterize each stratigraphic unit for geotechnical
properties. In approximately 20% of the cores, a sample will be collected from each
major stratigraphic unit using a Shelby tube, and will be analyzed for Atterberg limits,
specific gravity, and bulk density. The following core locations are targeted for
analysis of physical parameters to spatially represent the entire EW: SC05, SC11, SC14,
SC20, SC22, SC30, SC36, SC43, SC48, SC51, SC56, SC59, and SC63 (Maps 2-4a and
2-4b). These locations may be changed as necessary if sufficient material is not present
in the stratigraphic units of those cores based on core recovery and thickness of each
unit.

Samples from locations 22 locations will be analyzed for bulk TBT in sediment. These
locations were selected based on surface sediment TBT concentrations and historical
subsurface sediment TBT concentrations (Map 3-1). In addition to cores located in
areas with elevated surface sediment concentrations along T-18, locations in Slip 27
and Slip 36 were also selected to provide more spatial distribution.

Samples from five locations (locations 11, 19, 39, 54, and 57) will be analyzed for
organochlorine pesticides. Organochlorine pesticides have been rarely detected in
surface sediment samples (13 detected results from 136 locations) or subsurface
sediment samples (30 detected results from 139 analyzed samples). Many of the
pesticide detections are the result of analytical interference in the analysis of pesticides
because of the presence of PCB congeners. Therefore, there is uncertainty associated
with the existing detected pesticide results. The five identified locations were selected
because of their spatial distribution and the fact that they had detected DDT
concentrations above the SL (Map 3-2).

In addition, samples from a subset of locations will be analyzed for dioxins/furans.
Locations for dioxins/furans analyses will be selected based on a review of the
preliminary, unvalidated surface sediment data from the March and May 2009
sampling events for the SRI/FS.

3.2 SAMPLING METHODS

This section describes the methods for collecting and processing subsurface sediment
cores. Sediment sampling will be conducted at locations shown in Maps 2-2a and 2-2b.
All field activities will be performed under the direction of the FC, with EPA oversight
as appropriate. The field geologist will lead activities associated with the logging and
processing of sediment cores. There may be contingencies during field activities that
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require modification of the general procedures outlined below. Procedures may be
modified at the discretion of the FC after consultation with the Windward PM and the
boat operators, if applicable. EPA will be consulted in the event that significant
deviations from the sampling design are required (e.g., repositioning of a location, as
discussed in Section 3.2.3). All modifications will be recorded in the field logbook and
on a protocol modification form (Appendix B).

3.2.1 Identification scheme for all locations and samples

Each subsurface sediment core sampling location will be assigned a unique
alphanumeric location ID number. The first four characters of the location ID are
“EW” to identify the EW project area, followed by “09” to identify the year in which
the sample was collected (i.e., EW09). The next four characters are “SC” to indicate the
type of samples to be collected (sediment core), followed by a consecutive number
identifying the specific location within the EW (e.g., SC01).

The sample ID will consist of the location ID followed by include a numerical suffix
that indicates which depth horizon the sediment sample came from. For example, the
sample from the upper 2-ft (60-cm) section of the core collected at location EW09-SC01
will be identified as EW09-SC01-0-2; the 2-to-4-ft (60-to-120-cm) section of sediment
from the same core will be identified as EW09-SC01-2-4, and so on. Samples collected
at 0.5-ft intervals will be similarly identified; for example, the sample collected from
the upper 0.5-ft section of the core collected at location EW(09-SC01 will be identified
as EW09-5C01-0-0.5. Field duplicate samples will be identified using location numbers
starting with 201. For example, the upper 2-ft section of the first field duplicate sample
would be identified as EW09-5C201-0-2.

A rinsate blank sample, as described in Section 3.5.1, will be assigned the first four
characters of the location ID, followed by “SC” and “RB” (i.e., EW(09-SC-RB).

3.2.2 Location positioning

Target sampling locations will be located using a Trimble NT300D differential global
positioning system (DGPS). The DGPS includes a global positioning system (GPS)
receiver unit onboard the sampling vessel and a US Coast Guard (USCG) beacon
differential receiver. The GPS unit will receive radio broadcasts of GPS signals from
satellites. The USCG beacon receiver will acquire corrections to the GPS signals to
produce positioning accuracy to within 1 to 2 m.

Northing and easting coordinates of the vessel will be updated every second and
displayed directly on a computer onboard the vessel. The coordinates will then be
processed in real time and stored at the time of sampling using the positioning data
management software package. Washington State Plane Coordinates, North, North
American Datum of 1983 (NAD83) will be used for the horizontal datum. The vertical
datum will be obtained by measuring the depth from the water surface to the mudline
at each sampling location using a leadline. This depth will be corrected for tidal
influence after sampling has been completed to obtain the depth of the mudline
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relative to MLLW. Tidal elevation will be determined by calling the National Ocean
Service for data from their automated tide gage located at Pier 54.

To ensure the accuracy of the navigation system, a checkpoint will be located at a
known point such as a pier face, dock, piling, or similar structure that is accessible by
the sampling vessel. At the beginning and end of each day, the vessel will be stationed
at the check point, a GPS position reading will be taken, and the reading will be
compared with the known land-survey coordinates. The two position readings should
agree, within the limits of survey vessel operational mobility, to within 1 to 2 m.

3.2.3 Subsurface sediment core collection

Sediment cores will be collected to targeted depths ranging from 4 to 14 ft (2.4 to 4.3
m) below mudline (depending upon the location) or until refusal, whichever is
reached first. Cores will be collected using two methods. Most of the cores will be
collected with a vibracorer. However, a subset of cores (i.e., SC01 through SC08 from
the narrow southern portion of the site and SC11) will be collected with a MudMole™.
The MudMole™ sampler will be used at those locations because the cores will be
sampled using Method B, which has 0.5-ft sampling intervals, so the larger core is
needed to obtain sufficient sample size for chemical analyses. The vibracorer will more

easily penetrate the consolidated material likely to be encountered in the main channel
of the EW.

3.2.3.1 Vibracore sampling

The vibracorer consists of a vibrating power head attached a 14-ft-long, 3.75-in.-
diameter core barrel. Once the sampling vessel is positioned at the target sampling
location, the vibracorer and a decontaminated core tube is lowered using a hydraulic
winch. The core is penetrated to the targeted depth or until refusal, and then pulled up
using the winch. Once on board the vessel, the depth of core penetration is measured
and recorded (i.e., the total core length minus the void space within the core). The
following data will be recorded on the sediment core collection log (Appendix B):

+ Sampling location, time, tide, and depth of water to sediment (as measured by
leadline)

Elevation of location as estimated from MLLW using tide tables
Location coordinates from DGPS

Names of field personnel collecting and handling the cores

* & o o

Observations made during core collection, including weather conditions,
complications, ship traffic, and other details associated with the sampling
effort

*

Physical description of core tube (e.g., intact, bent, full core-catcher)

¢ Length and depth intervals of each core section and estimated recovery for
each sediment sample as measured from MLLW
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+ Qualitative notation of apparent resistance of sediment column to coring (how
the core drove)

& Any deviation from the approved QAPP
3.2.3.2 MudMole™ sampling

The MudMole™ sampler consists of a 4-in by 4-in square aluminum core tube with a
pneumatic powered driving assembly attached to the top with a quick release pin.?
The core sampler uses the impact from the linear pneumatic hammer delivering
approximately 300 blows per minute to drive the core tube into the sediment. The
bottom of each core tube will be fitted with a hinged core catcher to prevent loss of the
sediment during extraction. Air to operate the pneumatic corer will be provided by an
industrial air compressor located on the deck of the sampling vessel.

At each target sampling location, the MudMole™ will be lowered to the bottom using
a winch. At approximately 2-foot intervals, the operator will suspend the driving
operation and a scuba diver will measure the penetration depth of the core tube and
internal recovery of the core (total core length minus the void space within the core).
During diver operations, the penetration and recovery readings are relayed to the
sampling vessel by means of a wireless underwater diver communication system.
After driving the core to the targeted depth or refusal, the air hammer will be turned
off. The final set of penetration and recovery measurements will be made, the actual
sampling position will be logged, and the lifting winch will be used to extract the core.

The paired penetration and recovery measurements from the MudMole™ are used to
account for thinning and compaction of the sediments during driving. An on-deck
measurement from the top of the core tube to the surface of the sediment within the
core tube will also be taken to account for any movement or loss of sediment in the
core tube as the core catcher closes during extraction. The penetration and recovery
data and the on-deck top-of-sediment measurement will be entered into a spreadsheet
program to generate a bore log (Appendix B). Each bore log will include a graph of
penetration versus recovery that will be used during processing to identify the in situ
depth of different sediment horizons, as shown in the example bore log in

Appendix B.

Once onboard the sampling vessel, the core catcher will be inspected for signs of
sediment loss during retrieval and the average percent recovery will be estimated for
each core. The average percent recovery is estimated as the sample length recovered
divided by the penetration depth. Data will be recorded on the sediment core
collection log (Appendix B), as described for the vibracorer in Section 3.2.3.1.

2 The inside measurements of this tube are 3.75 in by 3.75 in.
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3.2.3.30n-deck core processing

For both the vibracorer and MudMole™ coring methods, the core tubes will be
inspected for adherence to the following criteria:3

& Core was collected to the targeted depth below mudline

# Core tube is not overfilled

+ Opverlying water is present and the surface interval is intact
L 4

Estimated recovery is greater than 75%, and the core tube appears intact
without obstructions or blocking

If sample acceptance criteria are not achieved in the first core at a sampling location,
the sample will be set aside and up to two additional core drives will be advanced at
locations within 10 m of the targeted location. If sample acceptance criteria are not
achieved in any of the three cores, oversight personnel will be consulted to discuss
whether an alternative location should be sampled. The sampling location may be
repositioned at a location greater than 10 m from the targeted location, following
discussions with EPA and EWG representatives. If an alternative location is not
selected, the core with the greatest sampling depth and recovery will be used.

While the core tube is on deck, the overlying water will be siphoned off, if necessary,
using plastic tubing or a similar siphoning device. The vibracore tubes will be cut off
near the sediment surface. Cores collected using the vibracorer will be cut into 5-ft
sections so they can be transported to the laboratory in a vertical position, if possible,
and so they will fit in the refrigeration units at the laboratory until processing. The
intact core or core sections will be capped, taped, and labeled with the station ID and
“top” and “bottom.” The vibracore tubes will be reconstructed during core processing
by lining up the labeled sections as appropriate. The Mudmole™ tubes cannot be cut
and, because of their length, will be transported horizontally and stored cool or on ice
until they can be processed in the order in which they were collected. Core tubes will
be sealed to minimize loss of moisture and transported to ARI for subsequent
processing, sampling, and logging.

3.2.4 Subsurface sediment core processing

Core tubes will be handled and processed at ARI by Windward and Anchor QEA as
soon as possible after they are received. Cores will be handled in a manner consistent
with ASTM procedures (ASTM D 4220). Cores that are not processed within 4 hours
will be stored upright (if possible) in the ARI refrigerators (i.e., vibracores) or stored
cool or on ice in a horizontal position (i.e., MudMole™ cores). Cores may be held for a
maximum of 72 hours before processing. Core processing will involve three basic

3 An additional criterion is that the core reaches native sediment, which will be determined after the
core is opened as described in Section 3.2.4.
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steps: 1) core cutting, 2) observation and logging, and 3) sampling. The field geologist
will oversee the sediment core processing activities.

Sediment from the vibracorer and MudMole™ cores will be cut for logging and
sampling by removing the core caps and cutting the core tube longitudinally with a
circular saw. The core will be split into two halves with decontaminated stainless steel
wire core splitters or spatulas. If the core was divided into sections for easier transport,
this step will be repeated for each section until the entire core is extracted.

After the core has been cut open, sediment will first be observed to determine whether
native sediment was reached using the description of density, color, and sediment
type described for Lower (Native) Alluvium in Appendix F. If it is determined by the
field geologist that native sediment was not reached based on the absence of expected
characteristics of the Lower Alluvium at the base of the core, then an attempt will be
made to collect a deeper core at that location during this sampling event.

The profile of the accepted core for each location will be visually logged for major and
minor contacts (i.e., regions in the core where sediment characteristics noticeably
change), as described below. A portable photoionization detector (PID) will be used to
determine the potential presence of volatile organic compounds (VOCs) in the core.
Photographs of each core will be taken before sampling. The core will be logged by a
field geologist or geotechnician, and recorded on the sediment core processing log
(presented in Appendix B).

Each core will be sub-sectioned into 2-ft sampling intervals according to the sampling
design discussed in Section 3.1 of this document unless a major stratigraphic boundary
is present. If a major difference in stratigraphic units is observed, the sample will not
be collected at the fixed 2-ft interval, but will instead include only sediments within
the same stratigraphic unit. Chemical releases to sediment may have been associated
with different historical periods as indicated by the sediment stratigraphy, so it is
desirable to separate the chemical analyses for the different units. The sectioning
decision for each core will be made by the field geologist, in consultation with EPA
oversight if present at the time the core is sectioned. For cores processed using Method
B as described in Section 3.1, the uppermost 6 ft of half of the core will be sub-
sectioned into 0.5-ft sampling intervals (see Figure 3-2). These sampling intervals may
be adjusted to maintain consistency in color and grain size within each sample, or
based on the presence of odor, sheen, or debris. However, the size of the sampling
interval will not be less than 0.5 ft in order to obtain sufficient volume of sediment for
chemical analyses. Sediment descriptions and the interpreted in situ depths of each
sediment horizon (derived from calculations on the bore log) will be recorded on the
sediment core processing log (Appendix B). Data recorded on the core processing logs
will include:

& Sample recovery
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# Physical soil description in accordance with ASTM procedures (ASTM D 2488
and ASTM D 2487 - Unified Soil Classification System) including soil type,
density/ consistency of soil, and color

¢ Odor (e.g., hydrogen sulfide, petroleum)
¢ Visual stratification, structure, and texture

& Vegetation and debris (e.g. woodchips or fibers, paint chips, concrete, sand
blast grit, metal debris

# Biological activity (e.g., detritus, shells, tubes, bioturbation, live or dead
organisms)

& Presence of oil sheen
¢ PID results for potential presence of VOCs

After a core is logged, sediment from designated sampling intervals in that core will
be spooned into stainless steel bowls, homogenized until uniform in color and texture,
and placed into pre-cleaned, labeled glass jars for chemical analyses, as specified in
Section 3.3.1. Care will be taken not to include sediment that has been in contact with
the core sidewalls, caps, or Shelby tube. In cores collected from the Phase 1 removal
area, which was covered with a clean sand layer, samples will only be collected below
the top sand layer (i.e., the O-to-2-ft interval will begin at the bottom of the sand layer;
see Figure 3-4). This sand layer will be identified and documented by the field
geologist using best professional judgment. The layer of sediment that has been
deposited on the surface since the sand layer was placed was recently characterized as
part of the recontamination monitoring conducted following the placement of the sand
layer (Windward 2008). Organisms and debris will be removed prior to distribution to
sample containers; removed materials will be noted in the field logbooks. All sample
containers will be labeled on the outside in indelible ink with the sample ID number,
date collected, and analysis to be performed.
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| Sediment layer deposited after 200€

~ 1 ft sand cap placed in 2006

0-to-2-ft sediment sample

2-to-4-ft sediment sample

Archived sediment samples

Figure 3-4. Location of subsurface sediment samples within cores to be
collected from the Phase 1 removal area

3.2.5 Field sampling and processing equipment

The items needed in the field for subsurface sediment sampling and sample
processing are identified in Table 3-3. The FC will check that all equipment is included
and in working order each day before sampling personnel go in the field. As part of
the mobilization process, each item will be double-checked by the FC.

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle EINAL January 2010

Page 40



Table 3-3. Subsurface sediment collection and processing equipment

GENERAL EQUIPMENT

QAPP

Key personnel contact information list

Field sample collection forms

Field notebooks (Rite in the Rain®)

Chain-of-custody forms

Pens, pencils, Sharpies®

Powder-free nitrile exam gloves
FIELD-COLLECTION EQUIPMENT

Tide tables

Study area maps

Hard hats

Head lamps

Personal flotation devices (PFDs)

Raingear

Rubber work gloves

Safety glasses, sun glasses

Steel-toe boots

Core tubes

Duct tape

Plastic tubing/turkey basters (to siphon overlying water)

3.2.6 Decontamination procedures

Cellular phone
Digital camera
First aid kit
Garbage bags
Paper towels
Tape measure

SAMPLE-PROCESSING EQUIPMENT
Saw for cutting aluminum core tubes
Stainless-steel plates, spatulas, bowls, and spoons
Sample jars
Sample labels
Clear packing tape
Custody seals
Alconox® detergent
Scrub brushes
Distilled water
Heavy duty aluminum foil
Ziplock bags
Coolers
Cooler temperature blanks
Ice (wet)
Flashlights and temporary work lights
Safety glasses

All sediment processing and homogenizing equipment used during core sampling at
ARI (i.e., stainless steel plates, spatulas, bowls, and spoons ), will be decontaminated
between sampling locations following Puget Sound Estuary Program (PSEP)
guidelines (1997) and the following procedures:

1. Rinse with tap water and wash with a scrub brush until free of sediment.

Rinse with tap water.
Rinse with 10 percent HNO3

Rinse with distilled water.

AN N

Rinse with methanol.

7. Rinse with distilled water.

Wash with phosphate-free detergent.

Any sampling equipment that cannot be cleaned to the satisfaction of the FC and EPA
(if present) will not be used for further sampling activities.
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3.2.7 Waste disposal

All disposable sampling materials and personal protective equipment used during
core collection in the field, such as disposable coveralls, gloves, and paper towels, will
be placed in heavyweight garbage bags or other appropriate containers. Disposable
supplies will be removed from the site by sampling personnel and placed in a normal
refuse container for disposal as solid waste. Excess sediment remaining after core
processing at ARI will be placed in drums and disposed in an appropriate manner
using the procedures outlined in ARI's Chemical Hygiene Plan. Drums will be
properly labeled, kept closed, and stored separately from other incompatible wastes
(e.g., liquid solvents). Windward will ensure that all drums are properly transported
and disposed.

3.3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS

This section describes how individual samples will be processed, labeled, tracked,
stored, and transported to the laboratory for analysis. In addition, this section
describes sample custody procedures and shipping requirements. Sample custody is a
critical aspect of environmental investigation. Sample possession and handling must
be traceable from the time of sample collection through laboratory analyses until
Windward authorizes sample disposal.

3.3.1 Sample handling procedures

Sediment samples for chemical analyses will be placed in appropriately sized,
pre-cleaned, labeled, wide-mouth glass jars and capped with Teflon®-lined lids
(Table 3-4). All sediment sample containers will be filled leaving a minimum of 1 cm
of headspace to prevent breakage during shipping and storage.

Table 3-4. Sample containers and laboratories conducting chemical analyses

PARAMETER CONTAINER LABORATORY
Sediment Samples

PCBs (as Aroclors), organochlorine pesticides,

SVOCs, SVOCs by SIM 16-0z glass jar ARI
Bulk TBT, metals, TOC, and total solids 8-0z glass jar ARI
Grain size 16-0z glass jar® ARI
Dioxins/furans 8-0z glass jar ng?ggtcis‘les
Archive 8 or 16-0z glass jars ARI
Bulk density, Atterberg limits, and specific gravity 3-inch diameter Shelby tube® ARI
Aqueous Samples (rinsate blanks)
g\c/:g?;gasscgggr&), é)lr'\g/l’flr_}oBcp lorine pesticides, 6 500-mL glass amber jars ARI
Metals 500-mL HDPE jar ARI

& Sediment archived for potential grain size analysis will be stored in 16-0z HDPE or glass jars.

Approximately 12 oz of sediment is needed for this sample, including the extra sample surrounding the tube
that cannot be used for analysis because it has been in contact with the tube.
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ARI — Analytical Resources, Inc. SVOC - semivolatile organic compound
HDPE - high-density polyethylene TOC - total organic carbon
PCB - polychlorinated biphenyl

Sample labels will be waterproof and self-adhering. Each sample label will contain the
project name, sample ID, preservation technique, type of analysis, date and time of
collection, and initials of the person(s) preparing the sample. A completed sample
label will be affixed to each sample container. The labels will be covered with clear
tape immediately after they have been completed to protect them from being stained
or spoiled from water and sediment.

3.3.2 Sample custody procedures

Samples are considered to be in custody if they are: 1) in the custodian’s possession or
view, 2) retained in a secured place (under lock) with restricted access, or 3) placed in
a container and secured with an official seal(s) such that the sample cannot be reached
without breaking the seal(s). Custody procedures will be used for all cores and
samples throughout the collection, transport, and analytical process. Custody
procedures will be initiated during sediment core collection. COC forms will
accompany cores when they are delivered by the field crew to Windward and Anchor
QEA personnel for processing at ARI, and separate forms will then accompany the
processed samples during transfer to ARI personnel at the laboratory or during
delivery to Analytical Perspectives. Each person who has custody of the cores or
samples will sign the COC form and ensure that the cores or samples are not left
unattended unless properly secured. Minimum documentation of core or sample
handling and custody will include:

& Project name and unique core or sample number

Core or sample collection date and time

Any special notations on core or sample characteristics or problems
Initials of the individual collecting the core or sample

Date core or sample was sent to the laboratory

* 6 & o o

Shipping company name and waybill number, if applicable

The FC will be responsible for all sample tracking and custody procedures for
sediment cores in the field. The FC will be responsible for final sample inventory and
will maintain sample custody documentation. At the end of each day, and prior to
transfer of sediment cores and sediment samples to the laboratory, COC entries will be
made for all cores and samples. Information on the labels will be checked against
sample log entries, and sample tracking forms and samples will be recounted. COC
forms will accompany all cores and samples. The COC forms for the sediment cores
will be signed at the point of transfer from the field to the laboratory, and the COC
forms for the sediment samples will be signed at the point of transfer from Windward
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and QEA personnel to ARI personnel. Copies of all COC forms will be retained and
included as appendices to QA /QC reports and data reports. After sediment core
processing, the sediment samples will be hand delivered to ARI or shipped in sealed
coolers to Analytical Perspectives. The FC will ensure that the laboratory has accepted
delivery of the shipment at the specified time.

The laboratories will ensure that COC forms are properly signed upon receipt of the
samples and will note questions or observations concerning sample integrity on the
COC forms. The laboratories will contact the FC or the project QA /QC coordinator
immediately if discrepancies between the COC forms and the sample shipment upon
receipt are discovered.

At each laboratory, a unique sample identifier will be assigned to each sample. The
laboratory will ensure that a sample tracking record follows each sample through all
stages of laboratory processing. The sample tracking record must contain, at a
minimum, the name/initials of individuals responsible for performing the analyses,
dates of sample extraction/preparation and analysis, and the type of analysis being
performed. The laboratories will not dispose of the environmental samples for this
project until notified in writing by the project QA /QC coordinator.

3.3.3 Shipping requirements

Sample processing (i.e., collection of sediment samples from the subsurface sediment
cores) will be conducted at ARIL. Sediment cores will be stored on ice or refrigerated
until delivery to ARI. All sediment chemical analyses, except analysis of dioxins and
furans, will be performed at ARI. Samples for analysis at ARI will be directly
transferred to the custody of ARI. Samples for analysis of dioxins and furans will be
stored frozen at ARI. At the end of the sampling event, these samples will be wrapped
in bubble wrap, placed in a cooler containing bagged wet ice or frozen gel packs, and
shipped to Analytical Perspectives via overnight shipping. The temperature inside the
cooler(s) containing sediment samples will be checked upon receipt at the laboratory
by either measuring the temperature of blank water samples packed inside the cooler,
or using an infrared (IR) device. The laboratory will specifically note if the cooler is not
sufficiently cold (4° + 2°C) upon receipt.

3.4 ANALYTICAL METHODS

This section discusses standard methods and DQIs for chemical analyses. A summary
of the analyses to be conducted is presented in Table 3-5.

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page 44



Table 3-5. Procedures to be conducted at each analytical laboratory

ARI ANALYTICAL PERSPECTIVES
PCB Aroclors Dioxins and furans (subset of samples)

SVOCs (including PAHs and low level
SVOCs by SIM)

Metals including mercury
TOC, total solids, and grain size

Organochlorine pesticides (subset of
samples)

Butyltins (subset of samples)
Atterberg limits, bulk density, specific gravity

SIM — selected ion monitoring
SVOC - semivolatile organic compound

ARI — Analytical Resources, Inc.
PAH — polycyclic aromatic hydrocarbon

PCB - polychlorinated biphenyl TOC - total organic carbon

3.4.1 Laboratory methods and sample handling

All samples (except archived samples) will be analyzed for PCB Aroclors; SVOCs; total
metals, including mercury; grain size; total solids; and TOC. A subset of samples will
be analyzed for organochlorine pesticides, butyltins, and dioxins/furans.

In addition to the analyses specified, additional sediment from each sample will be
archived frozen at ARI in the event that additional chemical analyses are necessary.
Analytical methods and sample handling requirements are presented in Table 3-6.

Table 3-6. Laboratory analytical methods and sample handling requirements
for sediment samples
PARAMETER METHOD REFERENCE SAMPLE HOLDING TIME?| PRESERVATIVE
PCBs as Aroclors GC/ECD EPA 8082 14 days to extract,b cool/0 -6 °C
40 days to analyze
Dioxins and furans HRGC/HRMS EPA 1613B 1 year to extract, freeze/-20 °C
40 days to analyze
Organochlorine pesticides® GC/ECD EPA 8081A 14 days to extract,b cool/0 -6 °C
40 days to analyze
SVOCs (including PAHS)? GCIMS EPA 8270D 14 days to extract, - |0 _ g oc
40 days to analyze
Selected SVOCs® GCIMS-SIM EPA8270D-SIM | LA daystoextract i 0, goc
40 days to analyze
Mercury CVAA EPA 7471A 28 days' cool/0 — 6 °C
EPA 6010B or
9 o
Other metals ICP-AES or ICP-MS EPA 200.8 6 months cool/0 -6 °C
Tributyltin, dl_butyltln, GC/EPD Krone et al. (1989) 14 days to extract,b cool/0 — 6 °C
monobutyltin (as ions) 40 days to analyze
Grain size" sieve/pipette PSEP (1986) 6 months cool/0 -6 °C
TOC combustion Plumb (1981) 14 daysf cool/0 -6 °C
Total solids oven-dried PSEP (1986) 7 daysf cool/0 -6 °C
Atterberg limits sieve ASTM D4318 none none
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PARAMETER METHOD REFERENCE SAMPLE HOLDING TIME?| PRESERVATIVE
Specific gravity pycnometer ASTM D854 none none
Bulk density volumetric/ gravimetric ASTM D2937 none none
a

All samples will be archived frozen at the laboratory until the Windward PM authorizes their disposal.

®  Sediment can also be frozen to increase the holding time to 1 year extraction. Aqueous rinsate blanks have a
maximum holding time of 7 days to extract and 40 days to analyze and will be stored at 0 to 6 °C.

¢ Target pesticides include: 4,4'-DDT, 4,4'-DDE, 4,4'-DDD, 2,4-DDT, 2,4'-DDE, 2,4'-DDD, aldrin, alpha-BHC,
beta-BHC, delta-BHC, gamma-BHC, oxychlordane, alpha- and gamma-chlordane, cis- and trans-nonachlor,
dieldrin, endosulfan, endosulfan sulfate, endrin, heptachlor, heptachlor epoxide, hexachlorobenzene,
methoxychlor, mirex, and toxaphene. Detected pesticides may be confirmed by EPA 1699 (modified) using
GC/MS/MS.

Target PAHSs include: anthracene, pyrene, dibenzofuran, benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene,
benzo(b)fluoranthene, fluoranthene, benzo(k)fluoranthene, acenaphthylene, chrysene, benzo(a)pyrene,
dibenz(a,h)anthracene, benz(a)anthracene, acenaphthene, phenanthrene, fluorene, 1-methylnaphthalene,
naphthalene, and 2-methylnaphthalene.

Selected SVOCs include: 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1,4-dichlorobenzene,
2,4-dimethylphenol, 2-methylphenol, benzyl alcohol, butyl benzyl phthalate, dibenz(a,h)anthracene, di-methyl
phthalate, hexachlorobenzene, hexachlorobutadiene, n-nitrosodimethylamine, n-nitrosodiphenylamine, n-
nitrosodi-n-propylamine, and pentachlorophenol.

Sediment may be frozen, with a maximum holding time of 6 months.

9 Sediment may be frozen, with a maximum holding time of 1 year. Aqueous rinsate blanks will be preserved
with nitric acid. Metals include arsenic, antimony, cadmium, chromium, cobalt, copper, lead, molybdenum,
nickel, selenium, silver, thallium, vanadium, and zinc.

Grain size intervals include gravel: fractional % phi >-1 (> 2,000 microns); sand: fractional % phi -1 to 0 (1,000
to 2,000 microns), fractional % phi 0 to 1 (500 to 1,000 microns), fractional % phi 1 to 2 (250 to 500 microns),
fractional % phi 2 to 3 (125 to 250 microns), fractional % phi 3 to 4 (62.5 to 125 microns); silt: fractional % phi 4
to 5 (31.2 to 62.5 microns), fractional % phi 5 to 6 (15.6 to 31.2 microns), fractional % phi 6 to 7 (7.8 to 15.6
microns), fractional % phi 7 to 8 (3.9 to 7.8 microns); clay: fractional % phi 8 to 9 (1.95 to 3.9 microns),
fractional % phi 9 to 10 (0.98 to 1.95 microns), fractional % phi 10+ (< 0.98 micron).

BHC — benzene hexachloride

CVAA - cold vapor atomic absorption

GC/ECD - gas chromatography/electron capture detection

GC/FPD - gas chromatography/flame photometric detection

GC/MS — gas chromatography/mass spectrometry

GC/MS/MS — gas chromatography/mass spectrometry/mass spectrometry
HRGC/HRMS - high-resolution gas chromatography/high-resolution mass spectrometry
ICP-AES - inductively coupled plasma-atomic emission spectrometry
ICP-MS — inductively coupled plasma-mass spectrometry

PAH — polycyclic aromatic hydrocarbon

PCB - polychlorinated biphenyl

PSEP — Puget Sound Estuary Program

SIM — selected ion monitoring

SVOC - semivolatile organic compound

TOC - total organic carbon

3.4.2 Data quality indicators

The parameters used to assess data quality are precision, accuracy, representativeness,
comparability, completeness, and sensitivity. Table 3-7 list specific DQIs for the
laboratory analyses of all samples. Target MDLs and RLs are presented in
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Appendix C. ARI's QC limits are in Appendix H. These parameters are discussed in
greater detail in the following sections.

Table 3-7. Data quality indicators for sediment analyses

PRECISION ACCURACY
(Laboratory | INSTRUMENT CALIBRATION SPIKED SAMPLES
PARAMETER Replicates) (% Difference)? (% Recovery) COMPLETENESS
PCBs as Aroclors +50% +25 laboratory QC limits® 95%
Organochlorine pesticides +50% +25 laboratory QC limits® 95%
S}ﬁﬁg\fﬁ%@ggf@”;&;‘d +50% 25 laboratory QC limits® 95%
Dioxins and furans +50% +25 laboratory QC limits® 95%
Mercury +30% +20 75 -125 95%
Other metals +30% +10 75-125 95%
Butyltins +50% +15 laboratory QC limits® 95%
TOC +30% na laboratory QC limits® 95%
Grain size +30% na na 95%
Total solids +20% na na 95%
Bulk density na na na 95%
Atterberg Limits na na na 95%
Specific gravity na na na 95%

& Limits set according to EPA functional guidelines for data validation (EPA 2004, 1999).

®  The laboratory’s performance-based control limits that are in effect at the time of analysis will be used as
accuracy limits for LCS, MS/MSD, and ongoing precision and accuracy samples; therefore, the QC limits
presented in Appendix H may be rendered obsolete if new QC limits are established by the laboratory. The
laboratory QC limits may be updated at the laboratory’s discretion.

LCS — laboratory control sample PCB — polychlorinated biphenyl

MS — matrix spike QC — quality control

MSD — matrix spike duplicate SIM — selected ion monitoring

na — not applicable SVOC - semivolatile organic compound
PAH — polycyclic aromatic hydrocarbon TOC - total organic carbon

3.4.2.1 Precision

Precision is the measure of the reproducibility among individual measurements of the
same property, usually under similar conditions, such as multiple measurements of
the same sample. Precision is assessed by performing multiple analyses on a sample
and is expressed as an RPD when duplicate analyses are performed and as %RSD
when more than two analyses are performed on the same sample (e.g., triplicates).
Precision is assessed through laboratory duplicate analyses (i.e., laboratory replicate
samples, MS/MSD, LCS duplicates) for all parameters except when reference
materials are not available or spiking of the matrix is inappropriate. In these cases,
precision is assessed through laboratory triplicate analyses. Precision measurements
can be affected by the nearness of a chemical concentration to the MDL, where the
percent error (expressed as either %RSD or RPD) increases. The DQI for precision
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varies depending on the analyte (Table 3-7). The equations used to express precision
are as follows:

(measured conc-measured duplicate conc)

RPD= . x100
(measured conc+measured duplicate conc)+2
%RSD=(SD/D,,,e ) x 100
where:
(% on-Daye
SD _ Dn—Dave
(-1

D = sample concentration
Dave = average sample concentration
n = number of samples
SD = standard deviation

3.4.2.2 Accuracy

Accuracy is an expression of the degree to which a measured or computed value
represents the true value. Accuracy may be expressed as a percentage recovery for MS,
LCS, and ongoing precision and accuracy sample analyses. The DQI for accuracy
varies, depending on the analyte (Table 3-7). The equation used to express accuracy
for spiked samples is as follows:

spike sample result —unspiked sample result
amount of spike added

Percent recovery = x 100

3.4.2.3 Representativeness

Representativeness expresses the degree to which data accurately and precisely
represent an environmental condition. The sampling approach was designed to
address the specific objectives described in Section 2.2. Assuming those objectives are
met, the samples collected should be considered adequately representative of the
environmental conditions they are intended to characterize.

3.4.2.4 Comparability

Comparability expresses the confidence with which one dataset can be evaluated in
relation to another dataset. Sample collection and chemical and physical testing will
adhere to the most recent PSEP QA /QC procedures (PSEP 1997b) and EPA and PSEP

analysis protocols.

3.4.2.5 Completeness

Completeness is a measure of the amount of data that is determined to be valid in
proportion to the amount of data collected. Completeness will be calculated as follows:
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number of valid measurements

Completeness = : x
total number of data points planned

The DQI for completeness for all components of this project is 95%. Data that have
been qualified as estimated because the QC criteria have not been met will be
considered valid for the purpose of assessing completeness. Data that have been
qualified as rejected will not be considered valid for the purpose of assessing
completeness.

3.4.2.6 Sensitivity

Analytical sensitivity is a measure of both the ability of the analytical method to detect
the analyte and the concentration that can be reliably quantified. The minimum
concentration of the analyte that can be detected is the MDL. The minimum
concentration that can be reliably quantified is the RL. Laboratories use both MDLs
and RLs for reporting analyte concentrations, and both values will be used as
measures of sensitivity for each analysis.

The MDL is defined as the lowest concentration of an analyte or compound that a
method can detect in either a sample or a blank with 99% confidence. ARI determines
MDLs using standard procedures outlined in 40 CFR 136, in which seven or more
replicate samples are fortified at 1 to 5 times (but not to exceed 10 times) the expected
MDL concentration. The MDL is then determined by calculating the standard
deviation of the replicates and multiplying by the Student’s t-factor (e.g., 3.14 for
seven replicates). Analytical Perspectives calculates an estimated detection limit,
which is generally 3 times the method blank concentration. The laboratories must
submit an initial demonstration of MDLs to EPA prior to sample collection.

RLs are equal to or greater than the lower calibration limit defined by the lowest
concentration on the calibration curve. RLs, MDLs, and estimated detection limits are
adjusted for each sample based on the amount of sample extracted, dilution factors,
and percent moisture.

All laboratories will report detected concentrations above the RL without qualification
and will report detected concentrations between the MDL (ARI) or estimated detection
limit (Analytical Perspectives) and the RL with a J-qualifier indicating the
concentration is an estimated value. The estimated detection limit calculated by
Analytical Perspectives is a sample-specific detection limit based on the signal to noise
ratio at the time of sampling. Non-detect results will be reported to the RL with a
U-qualifier. The target RLs and MDLs are presented in Appendix C.
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3.5 QUALITY ASSURANCE/QUALITY CONTROL
The QA /QC criteria for the field and laboratory analyses are described below.

3.5.1 Field QC samples

Field duplicate samples will be collected to evaluate the variability attributable to
sample homogenization and subsequent sample handling. Field duplicate samples
will be collected from the same homogenized material as the original sample and
analyzed as a separate sample; this type of field QA /QC sample is also referred to as a
field split sample (PSEP 1997). A minimum of one field duplicate sample will be
analyzed for every 20 samples. Field duplicate analyses will only be performed on
samples collected from 2-ft intervals, unless there is sufficient material to also conduct
analyses on samples collected from 0.5-ft intervals.

In addition, a single rinsate blank sample will be collected by rinsing laboratory
distilled water over the sample homogenization equipment. The rinsate blank sample
will be analyzed for PCB Aroclors, organochlorine pesticides, SVOCs, mercury, other
metals, and butyltins.

Although data validation guidelines have not been established for field QC samples,
the data resulting from the analyses of these samples will be useful in identifying
possible problems resulting from sample collection or sample processing in the field.
All field QC samples will be documented in the field logbook and verified by the
project QA /QC coordinator or a designee.

3.5.2 Chemical analyses QC criteria

Before analyzing the samples, the laboratory must provide written protocols for the
analytical methods to be used, calculate MDLs for each analyte in each matrix type,
and establish an initial calibration curve for all analytes. The laboratory must
demonstrate their continued proficiency through participation in inter-laboratory
comparison studies and through repeated analyses of SRMs, calibration checks,
method blanks, and spiked samples.

3.5.2.1 Sample delivery group

Project- and/ or method-specific QC measures such as MS/MSD or laboratory
replicate samples will be analyzed per sample delivery group (SDG), preparatory
batch, or analytical batch, as specified in Table 3-8. An SDG is defined as no more than
20 samples or a group of samples received at the laboratory within a 2-week period.
Although an SDG may span 2 weeks, all holding times specific to each analytical
method will be met for each sample in the SDG.
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Table 3-8.

ANALYSIS
TYPE

PCB Aroclors

Dioxins/furans
Organochlorine
pesticides®

Metals including
mercury

SVOCs, including
PAHs and low-
level SVOCs by
SIM

Butyltins
Grain size
TOC

Percent solids
Atterberg limits
Specific gravity
Bulk density

Quality control sample analysis summary

INITIAL
CALIBRATION

prior to
analysis

prior to
analysis

prior to
analysis

daily

prior to
analysis

prior to
analysis

na

daily

na

na
na
na

SECOND

SOURCE INITIAL
CALIBRATION
VERIFICATION

after initial
calibration

after initial
calibration

after initial
calibration

after initial
calibration

after initial
calibration

after initial
calibration

na

after initial
calibration

na

na
na
na

CONTINUING
CALIBRATION
VERIFICATION

every 10 to 20
analyses or 12 hours

prior to 12-hour
analytical batch

every 10 to 20
analyses or 12 hours

every 10 samples

every 10 to 20
analyses or 12 hours

every 10 samples or
12 hours

na

every 10 samples

na

na
na
na

LABORATORY
CONTROL
SAMPLE?

1 per prep batch

1 per prep
batch®

1 per prep batch

1 per prep batch

1 per prep batch

1 per prep batch
na
1 per prep batch

na

na
na
na

LABORATORY
REPLICATE
SAMPLE

na
na

na

1 per batch
or SDG

na

na
2 per batch
or SDG

1 per batch
or SDG

1 per batch
or SDG

na
na
na

MATRIX
SPIKE

1 per batch
or SDG

na

1 per batch
or SDG

1 per batch
or SDG

1 per batch
or SDG

1 per batch
or SDG

na

1 per batch
or SDG

na

na
na
na

Note: A batch is a group of samples of the same matrix analyzed or prepared at the same time, not to exceed 20 samples.

4 An OPR sample functions as a laboratory control sample to assess the accuracy of the analysis of dioxins/furans. Duplicate OPR samples may be used to assess the precision of
the analysis of dioxins/furans.

b

na — not applicable
OPR - ongoing precision and recovery

PCB — polychlorinated biphenyl

Aroclor standards will be run as interference check samples for this analysis.

PAH — polycyclic aromatic hydrocarbon

SDG - sample delivery group
SIM — selected ion monitoring
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MATRIX SPIKE
DUPLICATE

1 per batch
or SDG

na

1 per batch
or SDG

na

1 per batch
or SDG

1 per batch
or SDG

na
na

na

na
na
na

METHOD
BLANK

1 per
prep batch

1 per
prep batch

1 per
prep batch

1 per
prep batch

1 per
prep batch

1 per
prep batch

na
1 per
prep batch

1 per
prep batch

na
na
na

STANDARD
REFERENCE
MATERIAL

each batch
or SDG

na

each batch
or SDG

each batch
or SDG

each batch
or SDG

each batch
or SDG

na

na

na
na
na

SVOC - semivolatile organic compound

TOC - total organic carbon
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SURROGATE
SPIKE

each
sample

each
sample

each
sample

na

each
sample

each
sample

na
na

na

na
na
na



3.5.2.2 Laboratory QC criteria

The laboratory analysts will review the results of QC analyses of each analytical batch
(described below) immediately after the samples have been analyzed. The QC sample
results will be evaluated to determine whether control limits have been exceeded. If
control limits are exceeded, then appropriate corrective action must be initiated before
a subsequent group of samples can be processed (e.g., recalibration followed by
reprocessing of the affected samples). The project QA /QC coordinator must be
contacted immediately by the laboratory PM if satisfactory corrective action to achieve
the DQISs outlined in this QAPP is not possible. All laboratory corrective action reports
relevant to the analysis of project samples must be included in the data deliverable
packages.

All primary chemical standards and standard solutions used in this project will be
traceable to the National Institute of Standards and Technology, Environmental
Resource Associates, National Research Council of Canada, or other documented,
reliable commercial sources. The accuracy of the standards should be verified through
comparison with an independent standard. Laboratory QC standards are verified a
multitude of ways. Second-source calibration verification (i.e., same chemicals
manufactured by two different vendors) are analyzed to verify initial calibrations.
New working standard mixes (e.g., calibrations, spikes) should be verified against the
results of the original solution before being put into use and be within 10% of the true
value. Newly purchased standards should be verified against current data. Any
impurities found in the standard must be documented. The following subsections
summarize the procedures that will be used to assess data quality throughout sample
analysis.

Laboratory Replicate Samples

Laboratory replicate samples provide information on the precision of the analysis and
are useful in assessing potential sample heterogeneity and matrix effects. Laboratory
replicates are subsamples of the original sample that are prepared and analyzed as a
separate sample, assuming sufficient sample matrix is available. A minimum of one
laboratory replicate sample will be analyzed for each SDG or for every 20 samples,
whichever is more frequent, for inorganic and conventional parameters.

Matrix Spikes and Matrix Spike Duplicates

The analysis of MS samples provides information on the extraction efficiency of the
method on the sample matrix. Through the performance of MSD analyses, information
on the precision of the method is also provided for organic analyses. For organic
analyses, a minimum of one MS/MSD pair will be analyzed for each SDG, when
sufficient sample volume is available. For inorganic analyses (i.e., metals), a minimum
of one MS sample will be analyzed for each SDG, when sufficient sample volume is
available. MS/MSD samples are not performed for dioxin/furan analyses.
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Method Blanks

Method blanks are analyzed to assess possible laboratory contamination at all stages
of sample preparation and analysis. A minimum of one method blank will be analyzed
for each extraction/digestion batch or for every 20 samples, whichever is more
frequent.

Standard Reference Material

SRMs are samples of similar matrix and of known analyte concentration that are
processed through the entire analytical procedure and used as an indicator of method
accuracy. A minimum of one SRM will be analyzed for each SDG or for every

20 samples, whichever is more frequent.

Surrogate Spikes

All project samples analyzed for organic compounds will be spiked with appropriate
surrogate compounds as defined in the analytical methods. Surrogate recoveries will
be reported by the laboratories; however, no sample results will be corrected for
recovery using these values, with the exception of the isotope dilution corrections that
are required elements of the dioxin analysis (EPA 1613).

Laboratory Control Samples

LCSs are prepared from a clean matrix similar to the project samples and are spiked
with known amounts of the target compounds. The recoveries of the compounds are
used as a measure of the accuracy of the test methods. LCS recoveries will be reported
by the laboratories; however, no sample results will be corrected for recovery using
these values.

Internal Standard Spikes

Internal standard spikes may be used for calibrating and quantifying organic
compounds and metals by means of inductively coupled plasma-mass spectrometry
(ICP-MS). If internal standards are used, all calibration, QC, and project samples will
be spiked with the same concentration of the selected internal standard(s). Internal
standard recoveries and retention times must be within method and/ or laboratory
criteria.

Interference Check Samples

In order to identitfy specific organochlorine pesticides that may coelute with PCB
congeners, single point mid-concentration PCB standards (Aroclors 1248, 1254, and
1260) should be run regularly with single-component pesticides in the initial
calibration. Additional Aroclors should be analyzed if they are detected in project
samples. The resulting data will be reviewed by data validators in order to assess
potential interference issues that could affect the reported pesticide results and will be
summarized in the data validation section of the data report.
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3.6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

Prior to each field event, measures will be taken to test, inspect, and maintain all field
equipment. All equipment used, including the GPS unit and digital camera will be
tested for use before leaving for the field event.

The FC will be responsible for overseeing the testing, inspection, and maintenance of
all field equipment. The laboratory PM will be responsible for ensuring that laboratory
equipment testing, inspection, and maintenance requirements are met. The methods
used in calibrating the analytical instrumentation are described in the following
section.

3.7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Multipoint initial calibrations will be performed on each instrument prior to sample
analysis, after each major interruption to the analytical instrument, and when more
than one continuing calibration verification sample does not meet the specified
criteria. The number of points used in the initial calibration is defined in each
analytical method. Continuing calibration verifications will be performed daily for
organic analyses, once every 10 samples for the inorganic analyses and with every
sample batch for conventional parameters to ensure proper instrument performance.

In addition, if an Aroclor is detected in a sample, then the standard for that Aroclor
must be analyzed in the continuing calibration within 72 hours of the original
detection of the Aroclor.

Gel permeation chromatography calibration verifications will be performed at least
once every 7 days, and corresponding raw data will be submitted by the laboratory
with the data package. In addition, florisil performance checks will be performed for
every florisil lot, and the resulting raw data will be submitted with the data package,
when applicable.

Calibration of analytical equipment used for chemical analyses includes instrument
blanks or continuing calibration blanks, which provide information on the stability of
the baseline established. Continuing calibration blanks will be analyzed immediately
after the continuing calibration verification at a frequency of one blank for every

10 samples analyzed for inorganic analyses and one blank for every 12 hours or 10 to
20 samples for organic analyses. If the continuing calibration does not meet the
specified criteria, the analysis must stop. Analysis may resume after corrective actions
have been taken to meet the method specifications. All project samples analyzed by an
instrument found to be out of compliance must be reanalyzed. None of the field
equipment requires calibration.
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3.8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

The field team leaders for each sampling event will have a checklist of supplies
required for each day in the field (see Section 3.2.5). The FC will gather and check
these supplies daily for satisfactory conditions before each field event. Batteries used
in the GPS unit and digital camera will be checked daily and recharged as necessary.
Supplies and consumables for field sampling will be inspected upon delivery and
accepted if the condition of the supplies is satisfactory. For example, jars will be
inspected to ensure that they are the correct size and quantity and have not been
damaged in shipment.

3.9 NON-DIRECT MEASUREMENTS

Available historical sediment data for the EW has been evaluated for use in the SRI/FS
(Anchor and Windward 2008). The historical data that have been identified as suitable
for use in the SRI/FS will be used in conjunction with subsurface data to evaluate the
nature and extent of sediment contamination in the EW.

3.10 DATA MANAGEMENT

All field data will be recorded on field forms (see Appendix B), which will be checked
for missing information by the FC at the end of each field day and amended as
necessary. After sampling has been completed, all data from field forms will be
entered into a Microsoft Excel® spreadsheet for import into the project database. A
secondary QC check will be done to ensure that 100% of the data were properly
transferred from the field forms to the spreadsheet. This spreadsheet will be kept on
the Windward network server, which is backed up daily. Field forms will be archived
in the Windward library. All photographs will be transferred to the secure network or
a CD at the end of the sampling effort.

Field sampling and analytical information will be submitted to EPA’s Analytical
Services Tracking System (ANSETS) no later than the 15th of the month after sampling
activities have occurred and the sampling compositing and analysis scheme have been
approved. The project QA /QC coordinator will be responsible for the submitting the
required information to ANSETS.

Analytical laboratories are expected to submit data in an electronic format as
described in Section 2.6.2. The laboratory PM will contact the project QA /QC
coordinator prior to data delivery to discuss specific format requirements.

A library of routines will be used to translate typical electronic output from laboratory
analytical systems and to generate data analysis reports. The use of automated
routines ensures that all data are consistently converted into the desired data
structures and that operator time is kept to a minimum. In addition, routines and

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page 55



methods for quality checks will be used to ensure such translations are correctly
applied.

Written documentation will be used to clarify how field and analytical laboratory
duplicates and QA /QC samples were recorded in the data tables and to provide
explanations of other issues that may arise. The data management task will include
keeping accurate records of field and laboratory QA /QC samples so that project team
members who use the data will have appropriate documentation. Data management
files will be stored on a secure computer

4 Assessment and Oversight

4.1 COMPLIANCE ASSESSMENTS AND RESPONSE ACTIONS

EPA or their designees may observe field activities during each sampling event, as
needed. If situations arise in which there is an inability to follow QAPP methods
precisely, the Windward PM will determine the appropriate actions or consult EPA if
the issue is significant.

4.1.1 Compliance assessments

Laboratory and field performance assessments consist of onsite EPA reviews of
sampling procedures, QA systems, adherence to the QAPP, and equipment for
sampling, calibration, and measurement. EPA personnel may conduct a laboratory
audit prior to sample analysis. Any pertinent laboratory audit reports will be made
available to the project QA /QC coordinator upon request. Analytical laboratories are
required to have written procedures to address internal QA /QC; these procedures
will be submitted to the project QA /QC coordinator for review to ensure compliance
with the QAPP. All laboratories and QA /QC coordinators are required to ensure that
all personnel engaged in sampling and analysis tasks have appropriate training.

4.1.2 Response actions for field sampling

The FC, or a designee, will be responsible for correcting equipment malfunctions
throughout field sampling and for resolving situations in the field that may result in
nonconformance or noncompliance with the QAPP. All corrective measures will be
immediately documented in the field logbook, and protocol modification forms will be
completed.

4.1.3 Corrective action for laboratory analyses

Analytical laboratories are required to comply with their current written standard
operating procedures (SOPs), laboratory QA plan, and analytical methods. Laboratory
personnel will identify and correct any anomalies before continuing with sample
analysis and will be responsible for reporting problems that may compromise the

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL January 2010

Page 56



quality of the data. The laboratory PMs will be responsible for ensuring that
appropriate corrective actions are initiated, as required, for conformance with this
QAPP.

The project QA /QC coordinator will be notified immediately if any QC parameter
exceeds the project DQIs outlined in this QAPP (Table 3-7) and cannot be resolved
through standard corrective action procedures. A description of the anomaly, the steps
taken to identify and correct the anomaly, and the treatment of the relevant sample
batch (i.e., recalculation, reanalysis, and re-extraction) will be submitted with the data
package and described in the case narrative or corrective action form.

4.2 REPORTS TO MANAGEMENT

The PM will update EWG and EPA regarding the status of field sampling activities
following the sampling event. The project QA /QC coordinator will also update EWG
and EPA after the sampling is completed and samples have been submitted for
analyses, when information is received from the laboratory, and when analyses are
complete. The status of the samples and analyses will be indicated with emphasis on
any deviations from the QAPP. A data report will be prepared after validated data are
available, as described in Section 2.6.4.

5 Data Validation and Usability

5.1 DATA VALIDATION

The laboratory analyst is responsible for ensuring that the analytical data are correct
and complete, that appropriate procedures have been followed, and that QC results
are within the acceptable limits. The data validation process begins at the laboratory
with the review and evaluation of data by supervisory personnel or QA specialists.
The project QA /QC coordinator is responsible for ensuring that all analyses
performed by the laboratories are correct, properly documented, and complete, and
that they satisfy the project DQOs specified in this QAPP.

Data are not considered final until validated. Data validation will be conducted
following EPA guidance (1999, 2004, 2005, 2009). Independent third-party data review
and summary validation of the analytical chemistry data will be conducted by
EcoChem. A minimum of 20% of sample results or a single SDG will undergo full level
(EPA Stage 3 for inorganic parameters or Stage 4 for organic parameters) data
validation. In addition, all dioxin/furan data will undergo full validation (EPA

Stage 4) following EPA national guidance for validation of dioxin/furan data (EPA
2005). Full level (EPA Stage 3 or 4) data validation parameters include:

¢ Quality control analysis frequencies

¢ Analysis holding times
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Laboratory blank contamination

Instrument calibration

Surrogate recoveries

LCS recoveries

MS recoveries

MS/MSD RPDs

Compound identifications (Stage 4 only)

Compound quantitations

Instrument performance checks (i.e., tune ion abundances)

Internal standard areas and retention time shifts

* ¢ 6 6 6 O O 0 O o o

All pesticide chromatograms must be reviewed for PCB interference, as
indicated in Section 3.5.2.2, Interference Check Samples.

If no discrepancies between reported results and raw data in the set that undergoes
full (EPA Stage 3 or 4) data validation are identified, validation can proceed as a
summary-level (EPA Stage 2b) data validation on the rest of the data using all the QC
forms submitted in the laboratory data package. Rinsate blank samples will undergo a
compliance screening level validation (EPA Stage 1 or 2a). QA review of the sediment
chemistry data will be performed in accordance with the QA requirements of the
project; the technical specifications of the analytical methods indentified in Table 3-6;
and EPA guidance for organic and inorganic data review (EPA 1999, 2004, 2005). The
EPA PM will have EPA peer review the third-party validation or if necessary, perform
data assessment/validation on a percentage of the data. The EPA QA officer will
receive electronic copies of the data validation report(s) and all associated raw data
packages on or before the date that the draft data report is submitted to the EPA PM.

All discrepancies and requests for additional, corrected data will be discussed with the
laboratories prior to issuing the formal data validation report. The project QA /QC
coordinator should be informed of all contacts with the laboratories during data
validation. Review procedures used and findings made during data validation will be
documented on worksheets. The data validator will prepare a data validation report
that will summarize QC results, qualifiers, and possible data limitations. Only
validated data with appropriate qualifiers will be released for use in the EW SRI/FS.
Rejected data will not be used for any purpose.

5.2 RECONCILIATION WITH DATA QUALITY OBJECTIVES

The data quality assessment will be conducted by the project QA /QC coordinator. The
results of the third-party independent review and validation will be reviewed, and
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cases where the project’s DQOs were not met will be identified. The usability of the
data depends on a variety of factors and will be determined in terms of the magnitude
of the DQO exceedance. The QA /QC coordinator will consult the data user to provide
a context-specific evaluation of the impact of qualified data on its use.
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Health and Safety Plan

By their signature, the undersigned certify that this health and safety plan is
approved and that it will be used to govern health and safety aspects of fieldwork
described in the quality assurance project plan to which it is attached.
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1 Introduction

This site-specific health and safety plan (HSP) describes safe working practices for
conducting field activities at potentially hazardous sites and for handling potentially
hazardous materials or waste products. This HSP covers elements as specified in
29CFR19108120. The goal of the HSP is to establish procedures for safe working
practices for all field personnel.

This HSP addresses all activities associated with collection and handling of
subsurface sediment samples in the East Waterway (EW). During site work, this HSP
will be implemented by the field coordinator (FC), who is also the designated site
health and safety officer (HSO), in cooperation with the corporate health and safety
manager (HSM) and the project manager (PM).

All personnel involved in fieldwork on this project are required to comply with this
HSP. The content of this HSP reflects the types of activities that are anticipated to be
performed, knowledge of the physical characteristics of the site, and consideration of
preliminary chemical data from previous investigations at the site. The HSP may be
revised based on new information and/or changed conditions during site activities.
Revisions will be documented in the project records.

2 Site Description and Project Scope

2.1 SITE DESCRIPTION

The sampling area is in the EW (see Map 1-1 in the quality assurance project plan
[QAPP] to which this HSP is attached). The area is affected by tidal fluctuations. The
QAPP to which this HSP is attached provides complete details of the sampling
program.

2.2 SCOPE AND DURATION OF WORK

Subsurface sediment cores will be collected to depths of up to 14 ft using both a
vibracorer and an impact core sampler called the MudMole™. The vibracore samples
will be collected from the a research vessel owned and operated by Marine Sampling
Systems and the MudMole™ cores will be collected from a 30-ft pontoon boat owned
and operated by AMEC Geomatrix. Scuba divers from Research Support Services,
Inc. (RSS) will assist with the collection of MudMole™ cores at all locations where
the water depth is greater than 5 ft. Sediment coring will be conducted from
February 22 to March 12, 2010. Additional details on the sampling design and
sampling methods are provided in Sections 3.1 and 3.2 of the QAPP, respectively.
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3 Health and Safety Personnel

Key health and safety personnel and their responsibilities are described below. These
individuals are responsible for the implementation of this HSP.

Project Manager: The PM has overall responsibility for the successful outcome of the
project. The PM will ensure that adequate resources and budget are provided for the
health and safety staff to carry out their responsibilities during fieldwork. The PM, in
consultation with the HSM, makes final decisions concerning the implementation of
the HSP.

Field Coordinator/Health and Safety Officer: Because of the limited scope and
duration of fieldwork, the FC and HSO will be the same individual. The FC/HSO
will direct field sampling activities, coordinate the technical components of the field
program with health and safety components, and ensure that work is performed
according to the QAPP. The FC/HSO will implement this HSP at the work location
and will be responsible for all health and safety activities and the delegation of duties
to a health and safety technician in the field, if appropriate. The FC/HSO also has
stop-work authority, to be used if there is an imminent safety hazard or potentially
dangerous situation. The FC/HSO or her designee shall be present during sampling
and operations.

Corporate Health and Safety Manager: The HSM has overall responsibility for the
preparation, approval, and revision of this HSP. The HSM will not necessarily be
present during fieldwork but will be readily available, if required, for consultation
regarding health and safety issues during fieldwork.

Field Crew and Dive Team: All field crew and dive team members must be familiar
and comply with the information in this HSP. They also have the responsibility to
report any potentially unsafe or hazardous conditions to the FC/HSO immediately.
The dive team members must also adhere to practices in Research Support Services’
Safe Practices Manual for Diving Operations (Attachment 1).

4 Hazard Evaluation and Control Measures

This section discusses potential physical and chemical hazards that may be
associated with the proposed project activities and presents control measures for
addressing these hazards. The activity hazard analysis (Section 4.4) lists the potential
hazards associated with each site activity and the recommended site control.
Confined space entry will not be necessary for this project. Therefore, hazards
associated with this activity are not discussed in this HSP.

4.1 PHYSICAL HAZARDS

For this project, it is anticipated that physical hazards present a greater risk of injury
than do chemical hazards.
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41.1 Slips, trips, and falls

As with all fieldwork sites, caution should be exercised to prevent slips on slick
surfaces. In particular, sampling from a boat or other floating platform requires
careful attention to minimize the risk of falling down or falling overboard. The same
care should be used in rainy conditions or on the shoreline where there are slick
rocks. Slips can be minimized through the use of boots with good treads, made of
material that does not become overly slippery when wet.

Trips are always a hazard on the uneven deck of a boat, in cluttered work areas, or in
the intertidal zone where uneven substrate is common. Personnel will keep work
areas as free as possible from obstacles that could interfere with walking.

Falls can also be a hazard. Personnel can avoid falls by working as far from exposed
edges as possible, erecting railings, and using fall protection when working on
elevated platforms. For this project, no work that would present a fall hazard is
anticipated.

4.1.2 Sampling equipment

Core samplers (the vibracorer or MudMole™) will be deployed from the boat to
collect sediment cores. Care will be taken to ensure that the samplers are safely
guided over the railing and into the water. Before sampling activities begin, there
will be a training session for all field personnel for the equipment that will be
onboard the sampling vessel.

4.1.3 Falling overboard

Most of the sampling activities will be done from a boat. As with any work from a
floating platform, there is a chance of falling overboard. Personal flotation devices
(PFDs) will be worn by all personnel while working from the boat.

4.1.4  Manual lifting

Equipment and samples must be lifted and carried. Back strain can result if lifting is
done improperly. During any manual handling tasks, personnel should lift with the
load supported by their legs, not their backs. For heavy loads, an adequate number of
people, or if possible, a mechanical lifting/handling device, will be used.

415 Heat stress, hypothermia, or frostbite

Sampling operations and conditions that might result in the occurrence of heat stress
are not anticipated. The sampling will occur during the time of year when cold
weather conditions may occur, making hypothermia or frostbite a concern. The
FC/HSO will monitor all crew members for early symptoms of hypothermia (e.g.,
shivering, muscle incoordination, mild confusion). If such symptoms are observed,
the FC/HSO will take immediate steps to reduce heat loss by providing extra layers
of clothing or by temporarily moving the affected crew member to a warmer
environment.
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41.6 Weather

In general, field team members will be equipped for the normal range of weather
conditions. The FC/HSO will be aware of current weather conditions and of the
potential for those conditions to pose a hazard to the field crew. Some conditions that
might force work stoppage are electrical storms, high winds, or high waves resulting
from winds.

4.1.7  Sharp objects

Sampling operations might result in the exposure of field personnel to sharp objects
on top of or buried within the sediment. If these objects are encountered, field
personnel should not touch them. Also, field personnel should not dig in the
sediment by hand.

4.1.8 Scubadiving

Scuba diving presents an array of risks not common to a normal worksite. Therefore,
tasks that involve diving will be performed by a professional diver who has been
properly trained and certified and is aware of the myriad inherent risks involved
with scuba diving in hazardous environments. With proper training, the risk of these
potential hazards can be minimized. Commercial divers provided by Research
Support Services will adhere to their Safe Practices Manual for Diving Operations
(Attachment 1).

The diver will dive line-tended, with wireless communication to the surface. A safety
diver will tend the line and wear a headset to talk with the diver in the water. The
safety diver will also be suited up and ready to don gear if necessary. In the unlikely
event that the in-water diver would require assistance, the diver could be retrieved
using the tending line or assisted by the safety diver. Emergency oxygen and first aid
will be on the boat, including an automated external defibrillator (AED).

Equipment failure is always a concern. Divers should be familiar with their specific
type of equipment and check the tank, regulator, buoyancy control device, gauges,
and any other equipment to make sure everything is in proper working order prior
to use. The compressed air supply is filled by a local dive store so an air check is not
necessary. The diver is also equipped with a pony bottle, which is a small emergency
(bailout) air tank.

Divers must be careful to avoid pilings and other obstacles that might snag gear or
entrap the diver. Having a clear sense of the layout of the area before getting into the
water and taking extra caution during times of low visibility will minimize the risk
from these hazards.

Hypothermia sets in much more quickly in water than in air. Wearing proper
insulation and knowing the symptoms can help prevent this hazard. Warm clothes
should be available on board the support boat.
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Nitrogen narcosis is a risk associated with spending too much time at depth. This
project will not require diving below approximately 50 ft, so the risk of narcosis is
minimal. However, it is still necessary to consult dive tables to create a dive profile
for each dive. Strict adherence to the diver safety manual should prevent nitrogen
narcosis.

If boat traffic is a possibility, a dive flag must be deployed in the vicinity of the
divers. Divers should surface as close as possible to the flag and/or support boat.
Diving will not be done in the channel, where shipping activity takes place. The dive
tender will continuously monitor Channels 13, 14, and 16 for boat traffic near the
dive area, advise other vessels of diving operations, and, if possible, warn off boat
traffic that may pose a hazard to divers.

4.2 VESSEL HAZARDS

Because of the high volumes of vessel and barge traffic on the EW, precautions and
safe boating practices will be implemented to ensure that the field boat does not
interrupt vessel traffic. Additional potential vessel emergency hazards and responses
are listed in Table 1.

Table 1. Potential vessel emergency hazards and responses

Potential
Emergency or
Hazard Response

If manageable, personnel should attempt to put out a small fire with a fire extinguisher.
Otherwise, personnel should call the USCG or 911 and evacuate the area (by rescue boat

Fire or explosion or swimming) and meet at a designated area. The FC/HSO will take roll call to make sure
everyone evacuated safely. Emergency meeting places will be determined in the field
during the daily safety briefing.

At least one person with current first aid and CPR training will be aboard the vessel at all
times. This person will attempt to assess the nature and severity of the injury, immediately
call 911, and perform CPR if necessary. Personnel should stop work and wait for medical
personnel to arrive. Once the emergency has passed, the FC/HSO should fill out a site
accident report.

Medical emergency
or injury

All personnel aboard the sampling vessel will wear PFDs at all times. One person should
keep an eye on the individual who fell overboard and shout the distance (boat lengths) and
direction (o’clock) of the individual from the vessel. Personnel should stop work and use
the vessel to retrieve the individual in the water.

Person overboard

Personnel should call the USCG immediately. If possible, personnel should wait for a
rescue boat to arrive to evacuate vessel personnel. See fire or explosion (above) for
emergency evacuation procedures. The FC/HSO will take a roll call to make sure everyone
is present.

Sinking vessel

If navigation visibility or personal safety is compromised because of smoke, fog, or other
unanticipated hazards, personnel should stop work immediately. The vessel operator and

Lack of visibility FC/HSO will assess the hazard and, if necessary, send out periodic horn blasts to mark
vessel location to other vessels potentially in the area, move to a secure location (i.e.,
berth), and wait for the visibility to clear.

Personnel should stop work and call the USCG for assistance. Personnel should use oars
to move the vessel towards the shoreline. Other vessel personnel should watch for
potential collision hazards and notify the vessel operator if hazards exist. Personnel should
secure the vessel to a berth, dock, or mooring as soon as possible.

Loss of power
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Potential
Emergency or
Hazard Response

Personnel should stop work and call the USCG for assistance. The FC/HSO and vessel
Collision operator will assess damage and potential hazards. If necessary, the vessel will be
evacuated and secured until repairs can be made.

CPR - cardiopulmonary resuscitation
FC — field coordinator

HSO - health and safety officer

PFD — personal flotation device
USCG — US Coast Guard

4.3 CHEMICAL HAZARDS

Previous investigations have shown that some chemical substances are present at
higher-than-background concentrations in the sampling area. For the purpose of
discussing potential exposure to substances in sediments, the chemicals of concern
are metals, tributyltin, dioxins and furans, polycyclic aromatic hydrocarbons (PAHs),
and polychlorinated biphenyls (PCBs).

4.3.1 Exposure routes

Potential routes of chemical exposure include inhalation, dermal contact, and
ingestion. Exposure will be minimized by using safe work practices and by wearing
the appropriate personal protective equipment (PPE). Further discussion of PPE
requirements is presented in Section 7.

Inhalation — Inhalation is not expected to be an important route of exposure for this
project.

Dermal exposure — Dermal exposure to hazardous substances associated with
sediments, surface water, or equipment decontamination will be controlled through
the use of PPE and adherence to detailed sampling and decontamination procedures.

Ingestion — Ingestion is not considered a major route of exposure for this project.
Accidental ingestion of surface water is possible. However, careful handling of
equipment and containers aboard the boat should prevent the occurrence of water
splashing or spilling during sample collection and handling activities.

4.3.2 Chemical hazards

Metals and tributyltin — Exposure to metals may occur via ingestion or skin contact.
As mentioned above, neither is likely as an exposure route. Metal fumes or
metal-contaminated dust will not be encountered during field and sample handling
activities. Large amounts of sediment would need to be ingested for any detrimental
effects to occur. Momentary skin contact allows little, if any, opportunity for the
passage of any of the metals into the body. Field procedures require the immediate
washing of sediments from exposed skin.
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Polycyclic aromatic hydrocarbons — Exposure to PAHs may occur via ingestion or
skin contact. The most important human health exposure pathway for this group of
chemicals, inhalation, is not expected to occur at this site. Animal studies have shown
that PAHSs can cause harmful effects on skin, body fluids, and ability to fight disease
after both short- and long-term exposure, but these effects have not been
documented in people. Some PAHs may reasonably be expected to be carcinogens.
Large amounts of sediment would need to be ingested for any detrimental effects to
occur. Momentary skin contact allows little, if any, opportunity for the passage of
any of the compounds into the body. Field procedures require the immediate
washing of sediments from exposed skin.

Polychlorinated biphenyls — Prolonged skin contact with PCBs may cause acne-like
symptoms known as chloracne. Irritation to eyes, nose, and throat may also occur.
Acute and chronic exposure can damage the liver and cause symptoms of edema,
jaundice, anorexia, nausea, abdominal pains, and fatigue. PCBs are a suspected
human carcinogen. Skin absorption may substantially contribute to the uptake of
PCBs. Large amounts of sediment would need to be ingested for any detrimental
effects to occur. Momentary skin contact allows little, if any, opportunity for the
passage of any of these compounds into the body. Field procedures require the
immediate washing of sediments from exposed skin.

Dioxins/furans — Prolonged skin contact with dioxins/furans may cause acne-like
symptoms known as chloracne. Other effects to the skin, such as red skin rashes,
have been reported to occur in people following exposure to high concentrations of
2,3,7,8- tetrachlorodibenzo-p-dioxin (TCDD). Acute and chronic exposure can
damage the liver, result in an increase in the risk of diabetes and abnormal glucose
tolerance, and may increase the risk for reproductive and developmental effects.
2,3,7,8-TCDD is a possible human carcinogen, and a mixture of dioxins/furans with
six chlorine atoms (four of the six chlorine atoms at the 2, 3, 7, and 8 positions) is a
probable human carcinogen. Skin absorption may substantially contribute to the
uptake of dioxins/furans. Large amounts of sediment would need to be ingested for
any detrimental effects to occur. Momentary skin contact allows little, if any,
opportunity for the passage of any of the compounds into the body. Field procedures
require the immediate washing of sediments from exposed skin.

4.4  ACTIVITY HAZARD ANALYSIS

The activity hazard analysis summarizes the field activities to be performed during
the project, outlines the hazards associated with each activity, and presents controls
that can reduce or eliminate the risk of the hazard occurring. Table 2 presents the
activity hazard analysis for sampling from a boat and scuba diving.
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Table 2. Activity hazard analysis

Activity Hazard Control

Use care in boarding and departing from vessel. Wear a

falling overboard PED.

skin contact with contaminated

. o Wear modified Level D PPE.
sediments or liquids

Sampling from a

boat
Use appropriate lifting techniques when transporting
back strain equipment and supplies to or from the boat or seek
help.
loss of communication Terminate the dive.
. ) Conduct a pre-dive check; have dive tender and/or
equipment failure . : -
safety diver present during dive.
scrapes and bru!s_es; Be familiar with the area before entering the water.
entrapment by pilings and . X P
Exercise caution when visibility is low.
other obstacles
hypothermia Wear appropriate |nsulat|on_. Be aware of the symptoms
Scuba diving and have warm clothes available.

nitrogen narcosis Consult dive tables prior to each dive.

Deploy the dive flag in the vicinity of the divers. Ascend
carefully and as close as possible to the support boat.
Have dive tender continuously monitor Channels 13, 14,

boat traffic and 16 for boat traffic near dive area. Ensure that dive
tender advises other vessels of diving operations and
warns off boat traffic that may pose a hazard to the
divers.

PFD — personal flotation device
PPE - personal protective equipment

5 Work Zones and Shipboard Access Control

During sampling and sample handling activities, work zones will be established to
identify where sample collection and processing are actively occurring. The intent of
the zone is to limit the migration of sample material out of the zone and to restrict
access to active work areas by defining work zone boundaries.

5.1 WORK ZONE

The work zone on the boat will encompass the area where sample collection and
handling activities are performed. The work zone in the core processing area will
include the immediate area surrounding the core samples and the jar labeling area.
Only persons with appropriate training, PPE, and authorization from the FC/HSO
will be allowed to enter the work zone while work is in progress.

5.2 DECONTAMINATION STATION

A decontamination station will be set up, and personnel will clean soiled boots or
PPE prior to leaving the work zone. The station will have the buckets, brushes, soapy
water, rinse water, or wipes necessary to clean boots, PPE, or other equipment
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leaving the work zones. Plastic bags will be provided for expendable and disposable
materials. If the location does not allow for the establishment of a decontamination
station, the FC/HSO will provide alternatives to prevent the spread of
contamination.

Decontamination of the boat will also be completed at the end of each work day.
Cockpit and crew areas will be rinsed down with site water to minimize the
accumulation of sediment.

5.3 AcCCESS CONTROL

Boat security and access control will be the responsibility of the FC/HSO and boat
captain. Boat access will be granted only to essential project personnel and
authorized visitors. Any security or access control problems will be reported to the
PM or appropriate authorities.

6 Safe Work Practices

Following common sense rules will minimize the risk of exposure or accident at the
work site. The general safety rules listed below will be followed onsite:

& Do not climb over or under obstacles of questionable stability.

¢ Do not eat, drink, smoke, or perform other hand-to-mouth transfers in the
work zone.

¢ Work only in well-lighted spaces.

& Never enter a confined space without the proper training, permits, and
equipment.

& Make eye contact with equipment operators when moving within the range of
their equipment.

& Be aware of the movements of shipboard equipment when not in the
operator's range of vision.

¢ Get immediate first aid for all cuts, scratches, abrasions, or other minor
injuries.

Use the established sampling and decontamination procedures.
Always use the buddy system.

Be alert to your own and other workers” physical condition.

Report all accidents, no matter how minor, to the FC/HSO.

* 6 & o o

Do not do anything dangerous or unwise even if ordered by a supervisor.
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7 Personal Protective Equipment and Safety Equipment

Appropriate PPE will be worn as protection against potential hazards. In addition, a
PFD will be required for all personnel when working aboard the boat. Prior to
donning PPE, personnel will inspect their PPE for any defects that might render the
equipment ineffective.

Fieldwork will be conducted in Level D or modified Level D PPE, as discussed in
Sections 7.1 and 7.2. Situations that would require PPE beyond modified Level D are
not anticipated. Should the FC/HSO determine that PPE beyond modified Level D is
necessary, the HSM will be notified and alternative PPE selected.

7.1 LEVEL D PERSONAL PROTECTIVE EQUIPMENT

Individuals performing general activities in which skin contact with contaminated
materials is unlikely will wear Level D PPE. Level D PPE includes the following:

¢ Cotton overalls or lab coats

¢ Chemical-resistant steel-toed boots
¢ Chemical-resistant gloves
*

Safety glasses

7.2 MODIFIED LEVEL D PERSONAL PROTECTIVE EQUIPMENT

Individuals performing activities in which skin contact with contaminated materials
is possible but inhalation risks are not expected will be required to wear an
impermeable outer suit. The type of outerwear will be chosen according to the types
of chemical contaminants that might be encountered. Modified Level D PPE includes
the following;:

& Impermeable outer garb, such as rain gear or waders
¢ Chemical-resistant steel-toed boots

¢ Chemical-resistant outer gloves

7.3 SAFETY EQUIPMENT

In addition to the above-identified PPE, basic emergency and first aid equipment will
also be provided. Equipment for the field team will include:

& A copy of this HSP
o First aid kit adequate for the number of personnel in the field crew
¢ Emergency eyewash

The FC/HSO will ensure that the safety equipment is available. Equipment will be
checked daily to ensure its readiness for use.
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8 Monitoring Procedures for Site Activities

A monitoring program that addresses the potential site hazards will be implemented.
For this project, air, dust, and noise monitoring will not be necessary. The sampled
media will be wet and will not pose a dust hazard, and the only equipment emitting
high-amplitude (>85 dBA) sound (i.e., circular saw) will be used with the appropriate
level of hearing protection. Air monitoring is not anticipated to be necessary, but a
photoionization detector (PID) will be available if core processing personnel
determine that noticeable levels of hydrogen sulfide are present in the sediment. In
the event that the PID is used, the FC/HSO will review the readings and may
establish additional engineering controls (e.g., fans or ventilation) or PPE (e.g.,
respirator) if the occupational exposure limits are exceeded.

For this project, the monitoring program will include all individuals monitoring
themselves and their co-workers for signs of potential physical stress or illness. All
personnel will be instructed to look for and inform each other of any deleterious
changes in their physical or mental conditions during the performance of all field
activities. Examples of such changes are as follows:

¢ Headaches

Dizziness

Nausea

Symptoms of heat stress

Blurred vision

Cramps

Irritation of eyes, skin, or respiratory system
Changes in complexion or skin color
Changes in apparent motor coordination
Increased frequency of minor mistakes
Excessive salivation or changes in papillary response

Changes in speech ability or speech pattern

® & 6 6 6 6 O 0 O O o o

Shivering
¢ Blue lips or fingernails

If any of these conditions develop, work will be halted immediately and the affected
person(s) evaluated. If further assistance is needed, personnel at the local hospital
will be notified, and an ambulance will be summoned if the condition is thought to
be serious. If the condition is the direct result of sample collection or handling
activities, procedures will be modified to address the problem.
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9

Decontamination

Decontamination is necessary to prevent the migration of contaminants from the
work zone(s) into the surrounding environment and to minimize the risk of exposure
of personnel to contaminated materials that might adhere to PPE. The following
subsections discuss personnel and equipment decontamination. The following
supplies will be available to perform decontamination activities:

*

* & 6 o o o

9.1

Wash buckets

Rinse buckets

Long-handled scrub brushes
Clean water sprayers

Paper towels

Plastic garbage bags

Alconox® or similar decontamination solution

MINIMIZATION OF CONTAMINATION

The first step in addressing contamination is to prevent or minimize exposure to
existing contaminated materials and the spread of those materials. During field
activities, the FC/HSO will enforce the following measures:

Personnel

*

* & 6 o o o

Do not walk through areas of obvious or known contamination.

Do not handle, touch, or smell contaminated materials directly.
Make sure PPE has no cuts or tears prior to use.

Fasten all closures on outer clothing, covering with tape if necessary.
Protect and cover any skin injuries.

Stay upwind of airborne dusts and vapors.

Do not eat, drink, chew tobacco, or smoke in the work zones.

Sampling equipment and boat

# Place clean equipment on a plastic sheet or aluminum foil to avoid direct
contact with contaminated media.
¢ Keep contaminated equipment and tools separate from clean equipment and
tools.
o Clean boots before entering the boat.
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9.2 PERSONNEL DECONTAMINATION

The FC/HSO will ensure that all site personnel are familiar with personnel
decontamination procedures. Personnel will perform decontamination procedures,
as appropriate, before eating lunch, taking a break, or leaving the work location.
Decontamination procedures for field personnel include:

1. Rinse off the outer suit if it is heavily soiled.

Wash and rinse outer gloves and boots with water.

Remove and inspect outer gloves and discard them if damaged.
Wash hands if taking a break.

Don necessary PPE before returning to work.

AN

Dispose of soiled, disposable PPE before leaving for the day.
In addition to the decontamination procedures listed above, divers will:
1. Thoroughly rinse dive suit and gear after each dive.

. . . ® -
2. Inspect gear for mud or stains and re-rinse or scrub with Alconox", if
necessary.

3. Discard any damaged or heavily soiled gear after the project, if necessary.

4. Launder dry suit underwear after the project.

9.3 SAMPLING EQUIPMENT DECONTAMINATION

Before use at each sampling location, shovels and trowels will be rinsed in site water
to dislodge and remove any sediment and ensure that they are cleared of all debris
before use. Stainless steel spoons and bowls will be decontaminated before each
sample is collected.

9.4 VESSEL DECONTAMINATION

Most sampling will be conducted from a boat. Care will be taken to minimize the
amount of sediment spilled on the vessel. The vessel deck will be hosed off regularly
to remove sediment from the cockpit and crew areas to minimize slipping hazards
and the transport of sediment on boots through work zones.

10 Disposal of Contaminated Materials

Contaminated materials that may be generated during field activities include PPE,
decontamination fluids, and excess sample material. These contaminated materials
will be disposed of as an integral part of the project.
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10.1 PERSONAL PROTECTIVE EQUIPMENT

Gross surface contamination will be removed from PPE. All disposable sampling
materials and PPE, such as disposable coveralls, gloves, and paper towels used in the
sample processing, will be placed in heavyweight garbage bags. Filled garbage bags
will be placed in a normal refuse container for disposal as solid waste.

10.2 EXCESS SAMPLE MATERIALS

At each sampling location, excess sediment collected will be returned to the water
unless a heavy odor or sheen is observed in the sediment, in which case, sediment
will be contained for disposal in 55-gallon drums in the field processing laboratory.
All excess sediment from cores after laboratory processing will be disposed of in 55-
gallon drums for proper off-site disposal.

11  TRAINING REQUIREMENTS

Individuals who perform work at locations where potentially hazardous materials
and conditions may be encountered must meet specific training requirements. It is
not anticipated that hazardous concentrations of contaminants will be encountered in
sampled material, so training will consist of site-specific instruction for all personnel
and the oversight of inexperienced personnel by an experienced person for one

working day. The following subsections describe the training requirements for this
fieldwork.

11.1 PROJECT-SPECIFIC TRAINING

In addition to Hazardous Waste Operations and Emergency Response
(HAZWORPER) training, as described in Section 2.5 of the QAPP, field personnel will
undergo training specifically for this project. All personnel must read this HSP and
be familiar with its contents before beginning work. Personnel will acknowledge
reading the HSP by signing the Field Team Health and Safety Plan Review Form
(Attachment 2). The completed form will be kept in the project files.

The boat captain and FC/HSO or a designee will provide project-specific training
prior to the first day of fieldwork and whenever new workers arrive. Field personnel
will not be allowed to begin work until project-specific training has been completed
and documented by the FC/HSO. Training will address the HSP and all health and
safety issues and procedures pertinent to field operations. Training will include, but
not be limited to, the following topics:

& Activities with the potential for chemical exposure

& Activities that pose physical hazards, and actions to control the hazard
& Ship access control and procedure
L 4

Use and limitations of PPE
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Decontamination procedures
Emergency procedures

Use and hazards of sampling equipment
Location of emergency equipment

Vessel safety practices

* & 6 o o o

Emergency evacuation and emergency procedures

11.2 DAILY SAFETY BRIEFINGS

The FC/HSO or a designee and the boat captain will present safety briefings before
the start of each day's activities. These safety briefings will outline the activities
expected for the day, update work practices and hazards, address any specific
concerns associated with the work location, and review emergency procedures and
routes. The FC/HSO or designee will document safety briefings in the logbook.

11.3 FIRST AID AND CPR

At least one member of the field team must have first-aid and cardiopulmonary
resuscitation (CPR) training. The diver and dive tender will also be trained in first-
aid and CPR as required by the Research Support Services” Safe Practices Manual for
Diving Operations (Attachment 1). The first aid and CPR training should include
Automated External Defibrillator (AED) training. Documentation of which
individuals possess first-aid and CPR training will be kept in the project health and
safety files.

12 Medical Surveillance

A medical surveillance program conforming to the provisions of 29CFR19108§120(f)
will not be necessary for field team members because the field team members do not
meet any of the four criteria outlined in the regulations for the implementation of a
medical surveillance program:

¢ Employees who are or may be exposed to hazardous substances or health

hazards at or above permissible exposure levels for 30 days or more per year
(1910.120(f) (2)(I)

¢ Employees who must wear a respirator for 30 days or more per year
(1910.120(f) (2)(ii))

¢ Employees who are injured or become ill due to possible overexposures
involving hazardous substances or health hazards from an emergency
response or hazardous waste operation (1910.120(f)(2)(iii))

¢ Employees who are members of HAZMAT teams (1910.120(f)(2)(iv))
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As described in Section 8, employees will monitor themselves and each other for any
deleterious changes in their physical or mental condition during the performance of
all field activities.

13 Reporting and Record Keeping

Each member of the field crew will sign the HSP review form (see Attachment 2). If

necessary, accident/incident report forms and Occupational Safety and Health
Administration (OSHA) Form 200s will be completed by the FC/HSO.

The FC/HSO or a designee will maintain a health and safety field logbook that
records health-and-safety-related details of the project. Alternatively, entries may be
made in the field logbook, in which case a separate health and safety field logbook
will not be required. The logbook must be bound and the pages must be numbered
consecutively. Entries will be made with indelible blue ink. At a minimum, each
day's entries must include the following information:

¢ Project name or location

& Names of all personnel

¢ Weather conditions

o Type of fieldwork being performed

The individual maintaining the entries will initial and date the top or bottom of each
completed page. Blank space at the bottom of an incompletely filled page will be
lined out. Each day's entries will begin on the first blank page after the previous
workday's entries.

14 Emergency Response Plan

As a result of the hazards and the conditions under which operations will be
conducted, the potential exists for an emergency situation to occur. Emergencies may
include personal injury, exposure to hazardous substances, fire, explosion, or release
of toxic or non-toxic substances (i.e., spills). OSHA regulations require that an
emergency response plan be available to guide actions in emergency situations.

Onshore organizations will be relied upon to provide response in emergency
situations. The local fire department and ambulance service can provide timely
response. Field personnel will be responsible for identifying emergency situations,
providing first aid, if applicable, notifying the appropriate personnel or agency, and
evacuating any hazardous area. Shipboard personnel will attempt to control only
very minor hazards that could present an emergency situation, such as a small fire,
and will otherwise rely on outside emergency response resources.

The following subsections identify the individual(s) who should be notified in case of
emergency, provide a list of emergency telephone numbers, offer guidance for
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particular types of emergencies, and provide directions for getting from any
sampling location to a hospital.

14.1

PRE-EMERGENCY PREPARATION

Before the start of field activities, the FC/HSO will ensure that preparation has been
made in anticipation of emergencies. This preparation includes the following:

*

Meeting with equipment handlers concerning emergency procedures to be
followed in the event of an injury

Conducting a training session informing all field personnel of emergency
procedures, locations of emergency equipment and their use, and proper
evacuation procedures

Conducting a training session (led by senior staff responsible for operating
field equipment) to apprise field personnel of operating procedures and

specific risks associated with field equipment

& Ensuring that field personnel are aware of the existence of the emergency
response plan in the HSP and ensuring that a copy of the HSP accompanies

the field team

14.2 PROJECT EMERGENCY COORDINATOR

The FC/HSO will serve as the project emergency coordinator (PEC) in the event of
an emergency. She will designate a replacement for times when she is not available
or is not serving as the PEC. The designation will be noted in the logbook. The PEC
will be notified immediately when an emergency is recognized. The PEC will be

responsible for evaluating the emergency situation, notifying the appropriate

emergency response units, coordinating access with those units, and directing

onboard interim actions before the arrival of emergency response units. The PEC will

notify the HSM and the PM as soon as possible after initiating an emergency
response action. The PM will have responsibility for notifying the client.

14.3 EMERGENCY RESPONSE CONTACTS

All personnel must know whom to notify in the event of an emergency situation,
even though the FC/HSO has primary responsibility for notification. Table 3 lists the

names and phone numbers for emergency response services and individuals.
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Table 3.

Contact
Emergency Numbers
Ambulance
Police
Fire
Harborview Medical Center

Center for Hyperbaric Medicine, Virginia
Mason Medical Center

US Coast Guard

Office
Emergency
General information

National Response Center
US Environmental Protection Agency

Washington State Department of Ecology —
Northwest Region Spill Response

Emergency response contacts

Telephone Number

911
911
911
(206) 323-3074

(206) 583-6543

(206) 286-5400
(206) 442-5295
UHF Channel 16

(800) 424-8802
(908) 321-6660

(206) 649-7000

(24-hour emergency line)
Project Management Emergency Contacts
Susan McGroddy, Project Manager (206) 812-5421

Tad Deshler, Corporate Health and Safety

Manager (206) 812-5406

Berit Bergquist, Field Coordinator/

Health and Safety Officer (206) 293-2632(cellular telephone)

14.4 RECOGNITION OF EMERGENCY SITUATIONS

Emergency situations will generally be recognizable through observation. An injury
or illness will be considered an emergency if it requires treatment by a medical
professional and cannot be treated with simple first-aid techniques.

14.5 DECONTAMINATION

In the case of evacuation, decontamination procedures will be performed only if
doing so does not further jeopardize the welfare of site workers. If an injured
individual is also heavily contaminated and must be transported by emergency
vehicle, the emergency response team will be informed of the type of contamination.
To the extent possible, contaminated PPE will be removed but only if doing so does
not exacerbate the injury. Plastic sheeting will be used to reduce the potential for
spreading contamination to the inside of the emergency vehicle.

14.6 FIRE

Field personnel will attempt to control only small fires. If an explosion appears likely,
personnel will follow evacuation procedures specified during the training session. If
a fire cannot be controlled with the onboard fire extinguisher that is part of the
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required safety equipment, personnel will either withdraw from the vicinity of the
tire or evacuate the site as specified during the training session.

14.7 PERSONAL INJURY

In the event of serious personal injury, including unconsciousness, possibility of
broken bones, severe bleeding or blood loss, burns, shock, or trauma, the first
responder will immediately do the following:

& Administer first aid, if qualified.

& If not qualified, seek out an individual who is qualified to administer first aid,
if time and conditions permit.

+ Notify the PEC of the incident, the name of the individual, the location, and
the nature of the injury.

The PEC will immediately do the following;:

+ Notify the boat captain and FC/HSO, and the appropriate emergency
response organization.

& Assist the injured individual.

& Follow the emergency procedures for retrieving or disposing of equipment
and leave the site and proceed to the predetermined land-based emergency
pick-up.

¢ Designate someone to accompany the injured individual to the hospital.

o If a life-threatening emergency occurs (i.e., injury in which death is imminent
without immediate treatment), the FC/HSO or boat captain will call 911 and
arrange to meet the emergency responder at the nearest accessible location or
dock. For injuries or emergencies that are not life-threatening (e.g., broken
bones, minor lacerations), the PEC will follow the procedures outlined above
and proceed to the Harbor Island Marina or to an alternative location if that
would be more expedient.

+ Notify the HSM and the PM.

If the PEC determines that emergency response is not necessary, he or she may direct
someone to decontaminate and transport the individual by vehicle to the nearest
hospital. Directions describing the route to the hospital are provided in Section 14.10.

If a worker leaves the site to seek medical attention, another worker should
accompany them to the hospital. When in doubt about the severity of an injury or

exposure, always seek medical attention as a conservative approach and notify the
PEC.

The PEC will be responsible for completing all accident/incident field reports, OSHA
Form 200s, and other required follow-up formes.
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14.8 OVERT PERSONAL EXPOSURE OR INJURY

If an overt exposure to toxic materials occurs, the first responder to the victim will
initiate actions to address the situation. The following actions should be taken,
depending on the type of exposure.

14.8.1 Skin contact

¢ Wash/rinse the affected area thoroughly with copious amounts of soap and
water.

+ If eye contact has occurred, rinse eyes for at least 15 minutes using the
eyewash that is part of the onboard emergency equipment.

o After initial response actions have been taken, seek appropriate medical
attention.
14.8.2 Inhalation
¢ Move victim to fresh air.

& Seek appropriate medical attention.

14.8.3 Ingestion

& Seek appropriate medical attention.

14.8.4 Puncture wound or laceration

& Seek appropriate medical attention.

14.9 SPILLS AND SPILL CONTAINMENT

No bulk chemicals or other materials subject to spillage are expected to be used
during this project. Accordingly, no spill containment procedure is required for this
project.

14.10 EMERGENCY ROUTE TO THE HOSPITAL AND HYPERBARIC CHAMBER

The name, address, and telephone number of the hospital that will be used to
provide medical care is as follows:

Harborview Medical Center
325 Ninth Avenue

Seattle, WA

(206) 323-3074

Directions from the Harbor Island Marina to Harborview Medical Center (Figure 1)
are as follows:

¢ Dock the vessel at the Harbor Island Marina
¢ Drive from the marina by heading west on SW Klickitat Way/SW Manning St.
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o Turnright toward SW Manning St.
o Turnright at SW Manning St.
¢ Take the WA-99 N ramp on the left to I-5 N/Columbian Way
¢ Head north on I-5
o Take exit 164A for James St.
¢ Head east on James St. to Ninth Ave.
¢ Turnright on Ninth Ave.
¢ Emergency entrance will be two blocks south on the right.
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Figure 1. Directions to Harborview Medical Center from the Harbor Island
Marina
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Directions from the Jack Perry Memorial Shoreline Access to Harborview Medical
Center (Figure 2) are as follows:

# Beach the vessel at the Jack Perry Memorial Shoreline
Drive east from the shoreline on the access road
Turn left on Alaskan Way S.
After 0.9 miles turn right on Yesler Way

Take first left on 9th Ave.

.
.
.
¢ After 0.7 miles turn left on 8th Ave.
.
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Figure 2. Directions to Harborview Medical Center from Jack Perry Memorial
Shoreline Access

In the event of a hyperbaric medical emergency, emergency services should be
immediately notified by dialing 911. The name, address, and telephone number of
the nearest hyperbaric chamber is as follows:
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Center for Hyperbaric Medicine at Virginia Mason Medical Center
1100 Ninth Avenue

Seattle, WA

(206) 583-6543

Directions from the Harbor Island Marina to the Center for Hyperbaric Medicine
(Figure 3) are as follows:

¢ Dock the vessel at the Harbor Island Marina

Drive from the marina by heading west on SW Klickitat Way/SW Manning St.
Turn right toward SW Manning St.

Turn right at SW Manning St.

Take the WA-99 N ramp on the left to I-5 N/ Columbian Way

Head north on I-5

Take exit 164A toward James St.

Merge onto 7th Ave.

Turn right onto Spring St.

Turn left onto 9th Ave.

® & & 6 6 6 6 O 0o o

Hospital will be on the right.
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Figure 3. Directions to the Center for Hyberbaric Medicine from the Harbor
Island Marina

Directions from the Jack Perry Memorial Shoreline Access to the Center for
Hyperbaric Medicine (Figure 4) are as follows:

# Beach the vessel at the Jack Perry Memorial Shoreline
Drive east from the shoreline on the access road

Turn left on Alaskan Way S.

After 1.2 miles turn right onto Spring St.

After 0.6 miles turn left on 9th Ave.

* & o o

+ Hospital will be on the right
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Figure 4. Directions to the Center for Hyberbaric Medicine from Jack Perry
Memorial Shoreline Access

15 References

PSEP. 1997. Recommended guidelines for sampling marine sediment, water column,
and tissue in Puget Sound. Final Report. Prepared for the U.S. Environmental
Protection Agency, Seattle, Washington, and the Puget Sound Water Quality
Action Team, Olympia, WA.
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Attachment 1. Safe Practices Manual for Diving Operations
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Attachment 2. Field Team Health and Safety Plan Review

I have read a copy of the health and safety plan, which covers field activities that will
be conducted to investigate potentially contaminated areas in the EW. I understand
the health and safety requirements of the project, which are detailed in this health and
safety plan.

Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
Signature Date
East Waterway Operable Unit Subsurface Sediment HSP

Port of Seattle FINAL February 2010
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ANCHOR
QEA

Job:

Job No:

Field Staff:

Contractor:

Vertical Datum:

Field Collection Coordinates:
Lat/Northing:

A. Water Depth
DTM Depth Sounder:

DTM Lead Line:

Core Collection Recovery Details:

Core Accepted: Yes / No
Core Tube Length:

Sediment Core Collection Log

Page __ of __
Station ID:

Attempt No.

Date:

Logged By:

Horizontal Datum:

Long/Easting:
B. Tide Measurements C. Mudline Elevation
Time: (-A+B=C)
Height:

* 3

©

L)%

[}

=]

©

()

T

Drive Penetration:

Headspace Measurement:

Recovery Measurement:

Recovery Percentage:

Total Length of Core To Process:

Drive Notes:

Recovery

Core Tube Length

Core Field Observations and Description:

Sediment type, moisture, color, minor modifier, MAJOR modifier, other constituents,
odor, sheen, layering, anoxic layer, debris, plant matter, shells, biota

Samples Collected (i.e. rinsate blank)




Sediment Core Processing Log ANCHOR

Job: Station ID: QEA &=
Job No. Date/Time:

No. of Sections: Core Logged By:

Drive Length: Attempt #:

Recovery: Type of Core [IShelby [JPiston Core []Other

% Recovery: Diameter of Core (inches)

Notes: Core Quality JGood [JFair [JPoor [] Disturbed

Classification and Remarks
PID (Density, Moisture, Color, Minor Constituent, MAJOR Constituent, with
Additional Constituents, Sheen, Odor)

Recovered
Length (ft)
Size % G
Size % S
Size % F
Sample
Subsample
Summary
Sketch




Wind/Ward

emvironmental FLC

PrRoTOCOL MODIFICATION FORM

Project Name and Number:

Material to be Sampled:

Measurement Parameter:

Standard Procedure for Field Collection & Laboratory Analysis (cite reference):

Reason for Change in Field Procedure or Analysis Variation:

Variation from Field or Analytical Procedure:

Special Equipment, Materials or Personnel Required:

Initiator's Name: Date:

Project Officer: Date:
QA Officer: Date:
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Appendix C.

Laboratory Method Detection Limits and Reporting

East Waterway Operable Unit

Port of Seattle

Limits
Table C-1. Target MDLs and RLs (mg/kg)
Chemical MDL?
Metals (EPA 6010B/200.8/7471A)
Antimony 0.38
Arsenic 0.17
Cadmium 0.02
Chromium 0.28
Cobalt 0.09
Copper 0.043
Lead 0.2
Mercury 0.005
Molybdenum 0.15
Nickel 0.31
Selenium 0.671
Silver 0.11
Thallium 0.005
Vanadium 0.04
Zinc 0.443
Organometals (Krone 1989)
Monobutyltin ion 0.0041
Dibutyltin ion 0.0032
Tributyltin ion 0.0012
PAHs (EPA 8270D)
1-Methylnaphthalene 0.0072
2-Methylnaphthalene 0.0082
Acenaphthylene 0.0087
Acenaphthene 0.0082
Anthracene 0.0077
Benzo(a)anthracene 0.0059
Benzo(a)pyrene 0.0082
Benzo(b)fluoranthene 0.0095
Benzo(g,h,i)perylene 0.0068
Benzo(k)fluoranthene 0.0093
Total benzofluoranthenes® 0.0095
Chrysene 0.0066
Dibenzo(a,h)anthracene 0.0086
Dibenzofuran 0.0076
Fluoranthene 0.0079
Fluorene 0.0090
Indeno(1,2,3-cd)pyrene 0.0086
Naphthalene 0.0087
Phenanthrene 0.0084

FINAL

RL?

0.5
0.2
0.5
0.3
0.5

0.05
0.5

0.3
0.2
0.3
4.0

0.0040
0.0060
0.0040

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

Subsurface Sediment QAPP
Appendix C

February 2010
Page 1



Chemical MDL? RL®

Pyrene 0.0078 0.020
Total LPAHs® 0.0090 0.020
Total HPAHs® 0.0095 0.020
Phthalates (EPA 8270D)
Bis(2-ethylhexyl)phthalate 0.011 0.020
Butyl benzyl phthalate 0.011 0.020
Di-ethyl phthalate 0.016 0.020
Dimethyl phthalate 0.0078 0.020
Di-n-butyl phthalate 0.012 0.020
Di-n-octyl phthalate 0.0083 0.020
Other SVOCs (EPA 8270D)
1,2,4-Trichlorobenzene 0.0091 0.020
1,2-Dichlorobenzene 0.0079 0.020
1,3-Dichlorobenzene 0.0075 0.020
1,4-Dichlorobenzene 0.0074 0.020
2,4,5-Trichlorophenol 0.045 0.10
2,4,6-Trichlorophenol 0.046 0.10
2,4-Dichlorophenol 0.041 0.10
2,4-Dimethylphenol 0.015 0.020
2,4-Dinitrophenol 0.11 0.20
2,4-Dinitrotoluene 0.039 0.10
2,6-Dinitrotoluene 0.054 0.10
2-Chloronaphthalene 0.0080 0.020
2-Chlorophenol 0.0075 0.020
2-Methylphenol 0.014 0.020
3,3'-Dichlorobenzidine 0.049 0.10
4-Chloroaniline 0.035 0.10
4-Methylphenol 0.013 0.020
Aniline 0.067 0.067
Benzoic acid 0.12 0.20
Benzyl alcohol 0.015 0.020
Bis(2-chloroethyl)ether 0.0075 0.020
Bis-chloroisopropyl ether 0.0080 0.020
Carbazole 0.0066 0.020
Hexachlorobenzene 0.0080 0.020
Hexachlorobutadiene 0.0081 0.020
Hexachloroethane 0.0072 0.020
Isophorone 0.0083 0.020
Nitrobenzene 0.0088 0.020
N-Nitrosodimethylamine 0.035 0.10
N-Nitrosodi-n-propylamine 0.036 0.10
N-Nitrosodiphenylamine 0.0087 0.020
Pentachlorophenol 0.048 0.10
Phenol 0.014 0.020
Selected SVOCs by EPA 8270D-SIM
1,2,4-Trichlorobenzene 0.0016 0.0067
1,2-Dichlorobenzene 0.0013 0.0067
East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FlNAL ppendlx C
February 2010

Page 2



Chemical MDL? RL®

1,4-Dichlorobenzene 0.0022 0.0067
2,4-Dimethylphenol 0.0039 0.0067
2-Methylphenol 0.0034 0.0067
Benzyl alcohol 0.016 0.033
Butyl benzyl phthalate 0.0040 0.0067
Dibenzo(a,h)anthracene 0.00050 0.0063
Dimethyl phthalate 0.0017 0.0065
Hexachlorobenzene 0.0020 0.0067
Hexachlorobutadiene 0.0029 0.0067
N-Nitrosodiphenylamine 0.0031 0.0067
N-Nitrosodimethylamine 0.024 0.033
N-Nitrosodi-n-propylamine 0.0027 0.033
Pentachlorophenol 0.013 0.033
PCBs
Aroclor 1016 0.0013 0.0040
Aroclor 1221 0.0013 0.0040
Aroclor 1232 0.0013 0.0040
Aroclor 1242 0.0028 0.0040
Aroclor 1248 0.0028 0.0040
Aroclor 1254 0.0028 0.0040
Aroclor 1260 0.0028 0.0040
Total PCBs® 0.0028 0.0040
Dioxins/furans (EPA 1613B)
2,3,7,8-TCDD 7.40E-08 5.0E-07
1,2,3,7,8-PeCDD 2.10E-07 2.5E-06
1,2,3,4,7,8-HxCDD 2.60E-07 2.5E-06
1,2,3,6,7,8-HxCDD 2.90E-07 2.5E-06
1,2,3,7,8,9-HxCDD 2.48E-07 2.5E-06
1,2,3,4,6,7,8-HpCDD 2.80E-07 2.5E-06
OCDD 3.88E-07 5.0E-06
2,3,7,8-TCDF 7.80E-08 5.0E-07
1,2,3,7,8-PeCDF 1.82E-07 2.5E-06
2,3,4,7,8-PeCDF 2.38E-07 2.5E-06
1,2,3,4,7,8-HXCDF 2.22E-07 2.5E-06
1,2,3,6,7,8-HXCDF 2.06E-07 2.5E-06
1,2,3,7,8,9-HXCDF 2.52E-07 2.5E-06
2,3,4,6,7,8-HxCDF 2.40E-07 2.5E-06
1,2,3,4,6,7,8-HpCDF 3.28E-07 2.5E-06
1,2,3,4,7,8,9-HpCDF 2.98E-07 2.5E-06
OCDF 6.22E-07 5.0E-06
Pesticides (EPA 8081A)
2,4'-DDD 0.0012 0.0020
2,4-DDE 0.00093 0.0020
2,4'-DDT 0.0010 0.0020
4,4'-DDD 0.0013 0.0020
East Waterway Operable Unit Subsurface Sedigent QAPP
Port of Seattle FlNAL ppendlx C

February 2010
Page 3



Chemical MDL? RL?

4,4'-DDE 0.0012 0.0020
4,4-DDT 0.00088 0.0020
Total DDTs' 0.0013 0.0020
Aldrin 0.00048 0.0010
alpha-BHC 0.00062 0.0010
beta-BHC 0.00039 0.0010
delta-BHC 0.00043 0.0010
alpha-Chlordane 0.00061 0.0010
Total chlordane® 0.0010 0.0020
Dieldrin 0.00084 0.0020
alpha-Endosulfan 0.00067 0.0010
beta-Endosulfan 0.0012 0.0020
Endosulfan sulfate 0.00088 0.0020
Endrin 0.0012 0.0020
Endrin aldehyde 0.00098 0.0020
Endrin ketone 0.0016 0.0020
gamma-BHC (Lindane) 0.00049 0.0010
Heptachlor 0.00040 0.0010
Heptachlor epoxide 0.00038 0.0010
Methoxychlor 0.0033 0.010
Mirex 0.0010 0.0020
Cis-nonachlor 0.00082 0.0020
Trans-nonachlor 0.0010 0.0020
Oxychlordane 0.00095 0.0020
Toxaphene 0.048 0.10

na — not available

MDL — method detection limit

PCB — polychlorinated biphenyl

RL — reporting limit

SIM — selected ion monitoring

SVOCs - semi-volatile organic compounds
VOC - volatile organic compounds

% Target RLs and MDLs are the most recent values provided by ARI and Analytical Perspectives. Actual RLs and
MDLs will vary based on amount of sample analyzed, matrix interferences, analytical dilution, percent solids of
the sample and/or updates to RLs and MDLs by the laboratory. The MDLs provided for dioxin congeners are the
average MDLs of sample-specific detection limits, calculated from specific samples over 4-6 years

Total benzofluoranthenes is the sum of benzo(b)fluoranthene and benzo(k)fluoranthene. RL and MDL are the
highest of the RLs and MDLs for benzo(b)fluoranthene or benzo(k)fluoranthene.

Total LPAHSs is the sum of naphthalene, 2-methyl naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, and anthracene. RL and MDL are the highest RL and MDL for the LPAHS.

Total HPAHSs is the sum of fluoranthene, pyrene, benz(a)anthracene, chrysene, benzo(k)fluoranthene,
benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenz(a,h)anthracene, and
benzo(g,h,i)perylene. RL and MDL are the highest RL and MDL for the HPAHS.

¢ Total PCBs is the sum of the Aroclors. RL and MDL are the highest RL and MDL for the individual Aroclors.
Total DDT is the sum of 4,4’-DDD, 4,4-DDE, 4,4'-DDT, 2,4’-DDD, 2,4-DDE, and 2,4’-DDT. RL and MDL are the
highest RL and MDL for the DDT isomers.

Total chlordane is the sum of oxychlordane, alpha- and gamma-chlordane, and cis- and trans-nonachlor. RL and
MDL are the highest RL and MDL for the chlordane-related compounds.

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL Appendix C
February 2010
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Appendix D

Historical Surface Sediment Locations and SQS or
CSL Exceedances

Sample Interval

Location (cm)
Number | Upper | Lower
1362 0 125
1366 0 168
1391 122
1392 122
1395 0 122
1396 0 122
1410 0 122
1412 0 122
1565 0 122
1602 0 122
1603 122 244
1610 0 111
1611 120
1613 108

Description
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SL, Detect (no ML)
> CSL/ML, Detect
> CSL/ML, Detect
> SL, Detect (no ML)
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SL, Detect (no ML)
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SL, Detect (no ML)
> CSL/ML, Detect
> CSL/ML, Detect
> SL, Detect (no ML)
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SL, Detect (no ML)
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
DDTs (total-calc'd)
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
DDTs (total-calc'd)
Dieldrin
Mercury
PCBs (total calc'd)
Total Chlordane (calc'd)
Mercury
Mercury
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
DDTs (total-calc'd)
Dieldrin
Mercury
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
DDTs (total-calc'd)
Dieldrin
Mercury
PCBs (total calc'd)
Total Chlordane (calc'd)
Mercury
Bis(2-ethylhexyl)phthalate
DDTs (total-calc'd)
Dieldrin
Mercury
PCBs (total calc'd)
PCBs (total calc'd)
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
PCBs (total calc'd)
PCBs (total calc'd)

Exceedance Factor
(CSL exceedances

Subsurface Sediment QAPP

FINAL

in bold)
SQS/SL | CSL/ML
15 0.15
2.9 0.54
2 1.2
15 0.11
5.8 0.58
2.3
1.6 11
7.9 15
1.3
1.7 1.2
2.7 19
15 0.88
1 0.078
4.3 0.43
1.4
1.4 1
3 0.55
1.9 11
1.2 0.094
6.1 0.61
2.3
15 1
7.3 1.3
1.1
2.2 15
1.6 0.96
5.2 0.52
1.8
1.7 1.2
3.9 0.72
20 3.7
13 23
1.2 0.83
4 0.74
1.3 0.23
1.2 0.22
Appendix D
February 2010
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

1624

1625

1626

1628
1629

1630

1633

Sample Interval

(cm)
Upper = Lower

0 122
0 117
0 110
0 122
0 105
0 113
0 116
0 116
0 113
0 102
0 110
0 98
0 105

91

102
0 88
0 122

Description

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> SL, Detect (no ML)

> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Bis(2-ethylhexyl)phthalate
Mercury
PCBs (total calc'd)

PCBs (total calc'd)

DDTs (total-calc'd)
Mercury

PCBs (total calc'd)

DDTs (total-calc'd)
Mercury

PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)

Total Chlordane (calc'd)
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
Mercury

PCBs (total calc'd)

PCBs (total calc'd)

PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
PCBs (total calc'd)
Acenaphthene
Bis(2-ethylhexyl)phthalate

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
1 0.63
1.3 0.88
8.3 15
4.2 0.77
1.2 0.12
1.2 0.83
1.3 0.25
1.7 0.17
1.3 0.87
2.1 0.38
1.1 0.67
1.4 0.97
4 0.74
2.4 1.7
35 0.65
1.3 0.89
11 2
1.6 0.99
1.6 1.1

5.6 1
1.2 0.85
3.7 0.68
1.1 0.64
1.4 0.95
4.8 0.88
1.2 0.8
3.1 0.57
1.5 1
6.4 1.2
5
1.8 1.1
1 0.078
1.5 1
51 0.94
3.8 0.69
2.8 0.51
1.2 0.72
7.5 1.4
1.1 0.32
1.5 0.92
Appendix D
February 2010
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

1639

1644

1646

1648

1654
1655
1656

1657

Sample Interval

(cm)
Upper = Lower

0 116

0 108

0 119

0 119
107
88
88

0 104

Description

> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,

Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Cadmium
DDTs (total-calc'd)
Mercury
PCBs (total calc'd)
Zinc
DDTs (total-calc'd)
Mercury
PCBs (total calc'd)
Acenaphthene
Bis(2-ethylhexyl)phthalate
Mercury
PCBs (total calc'd)
2,4-Dimethylphenol
2-Methylnaphthalene
Acenaphthene
Bis(2-ethylhexyl)phthalate
Cadmium
DDTs (total-calc'd)
Ethylbenzene
Fluoranthene
Fluorene
Mercury
Naphthalene
PCBs (total calc'd)
Phenanthrene
Total LPAH (calc'd)
Total Xylenes (calc'd)
Zinc
DDTs (total-calc'd)
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
PCBs (total calc'd)
1,2-Dichlorobenzene
2-Methylnaphthalene
Benzo(g,h,i)perylene
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
Chrysene
DDTs (total-calc'd)
Dibenzo(a,h)anthracene

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
25 1.9
72 7.2
1.5 1
5.3 0.98
7.1 3
2.9 0.29
1.2 0.83
2 0.37
1.3 0.35
1.4 0.86
1.8 1.3
5 0.92
22 22
3.1 1.5
1.6 1.1
3 2.1
11 0.82
14 1.4
2.4 0.48
1.4 0.96
1.1 0.62
1.6 1.1
5.7 5
42 54
1.6 0.44
3.1 1.2
1.4 0.35
1.5 0.65
1.7 0.17
1.8 0.32
1.7 1.2
1.6 0.29
2.1 0.38
24 1.7
1.3 0.63
2.4 2.2
10 6.8
5.6 0.39
1.1 0.54
5.9 0.59
1.9 0.8
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

1658

1659

1660

Sample Interval

(cm)
Upper = Lower
0 110
0 119
0 113

Description

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,

<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Dimethyl phthalate
Fluoranthene
Indeno(1,2,3-cd)pyrene
Mercury
PCBs (total calc'd)
Pyrene
Silver
Total HPAH (calc'd)
Zinc
Bis(2-ethylhexyl)phthalate
Mercury
PCBs (total calc'd)
Acenaphthene
Benzo(g,h,i)perylene
Dibenzo(a,h)anthracene
Dibenzofuran
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Mercury
PCBs (total calc'd)
Phenanthrene
Total HPAH (calc'd)
Total LPAH (calc'd)
Zinc
2-Methylnaphthalene
Acenaphthene
Benzo(a)anthracene
Bis(2-ethylhexyl)phthalate
Cadmium
Chrysene
DDTs (total-calc'd)
Dibenzofuran
Fluoranthene
Fluorene
Mercury
PCBs (total calc'd)
Phenanthrene
Pyrene
Total HPAH (calc'd)
Total LPAH (calc'd)

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
12 55
1.9 1.3

2.3 2
2.3 1.6
17 2.2
1.2 0.97
1.6 1.6
1.3 0.93
1.2 0.52
1.3 0.81
2.8 2
3.2 0.58
3.4 0.96
1.6 0.64
2.3 0.82
2.3 0.59
1.8 0.24
2.6 0.75
1.5 0.57
1.3 0.88
7.2 1.3
3.8 0.79
1.3 0.23
1.7 0.82
0.85
0.5
2.4 1.6
1.1 0.88
34 2.3
1.3 1
1.5 0.75
10 1
1.6 1.2
2.6 1.8
2 1.1
11 0.8
33 4.3
2.9 0.8
2.1 1.6
1.5 1.1
1.7 0.69
Appendix D
February 2010

Page 4



Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

1661

1662

1663

1674

1676

1679

1682

1683

1687

1927

1929

2082

2251

2254

2255

Sample Interval

(cm)
Upper = Lower

0 111
0 116
0 119
98 268
101 250
104 259
116 341
94 399
119 216
122 366
0 122
122 366
122 366
15 46
18 46
46 76
15 46
46 76
76 107
15 46

Description

> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,

<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
Detect
<CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Zinc
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
PCBs (total calc'd)
1,4-Dichlorobenzene
Bis(2-ethylhexyl)phthalate
Mercury
Mercury
Mercury
PCBs (total calc'd)
PCBs (total calc'd)
PCBs (total calc'd)
Copper
Mercury
Silver
DDTs (total-calc'd)
Mercury
PCBs (total calc'd)
PCBs (total calc'd)
Acenaphthene
Dibenzofuran
DDTs (total-calc'd)
PCBs (total calc'd)
DDTs (total-calc'd)
Mercury
1,4-Dichlorobenzene
PCBs (total calc'd)
1,4-Dichlorobenzene
PCBs (total calc'd)
1,4-Dichlorobenzene
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Fluoranthene
Mercury
PCBs (total calc'd)
Silver
Mercury
Anthracene

Exceedance Factor
(CSL exceedances

in bold)
SQS/SL | CSL/ML

1.6 0.7
1.6 0.29
4 2.4
1.3 0.25
1.3 0.43
2 1.2
1.1 0.79
1.6 1.1
1.8 1.3
8.3 15
30 3.9
15 0.28
1.9 1.9
1.2 0.85
1.1 1.1
2.2 0.22
1.6 1.1
3.8 0.71
1.2 0.22
1.4 0.4
1.3 0.34
32 3.2
4.5 0.83
11 1.1
1.2 0.84
5.2 1.8
3.1 0.57
4.9 4.5
11 1.4
1.6 0.54
1.2 0.22
1.6 1.1
17 2.2
2.9 2

1.3 0.88
3.7 2.5
22 2.8
1.1 1.1
25 1.8
34 0.75

Subsurface Sediment QAPP

FINAL
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Sample Interval

Location (cm)
Number | Upper | Lower
46 76
76 107
2256 15 46
15 46
2257 46 76
76 107

Description
> CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Benzo(a)anthracene
Benzo(a)pyrene

Benzofluoranthenes (total-
calc'd)

Bis(2-ethylhexyl)phthalate
Chrysene

Fluoranthene

Mercury

PCBs (total calc'd)
Pyrene

Total HPAH (calc'd)

Zinc
Bis(2-ethylhexyl)phthalate
Chrysene

Fluoranthene

Mercury

PCBs (total calc'd)

Total HPAH (calc'd)
Acenaphthene
Anthracene
Benzo(a)anthracene

Benzofluoranthenes (total-
calc'd)

Chrysene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Mercury

PCBs (total calc'd)
Phenanthrene
Pyrene

Total HPAH (calc'd)
Total LPAH (calc'd)
1,4-Dichlorobenzene
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)
Mercury

PCBs (total calc'd)

Exceedance Factor
(CSL exceedances

Subsurface Sediment QAPP

FINAL

in bold)
SQS/SL | CSL/ML
4.1 3.3
2.1 1.1
1.7 15
1.8 1.3
6.4 3.2
4.2 2.9
1.6 1.1
12 1.5
4.6 3.6
3.6 25
1.3 0.55
1.9 1.1
1.5 0.35
2.9 0.39
2.1
6 1.1
1.4 0.25
2.6 1.8
2.5 0.55
2.2 1.8
1.2 1
2.6 1.3
5.9 4
1.7 0.91
1.2 1
2.7 1.8
9.3 1.2
1.3 0.35
2.6 2.1
2.5 1.8
1.3 0.5
1.4 1.3
1.3 0.93
7.8 1
1.4 0.98
1.2 0.22
1.2 0.83
1.8 0.32
1.2 0.86
11 0.2
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Sample Interval

Location (cm)
Number | Upper | Lower
15 46
46 76
2258
76 107
15 46
2259
46 76
15 46
46 76
2260
76 107

Description
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Mercury
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Mercury
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
Mercury
PCBs (total calc'd)
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene

Benzofluoranthenes (total-
calc'd)

Bis(2-ethylhexyl)phthalate
Chrysene

DDTs (total-calc'd)
Fluoranthene
Indeno(1,2,3-cd)pyrene
Mercury

PCBs (total calc'd)
Pyrene

Silver

Total HPAH (calc'd)
Zinc

4-Methylphenol
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene

Benzofluoranthenes (total-
calc'd)

Bis(2-ethylhexyl)phthalate
Chrysene

DDTs (total-calc'd)
Dibenzofuran

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
11 0.2
1.3 0.79
1.1 0.75
2.8 0.52
2.6 15
1.7 1.2
16 2.9
1.7 1.2
3 0.55
11 0.8
1.8 0.32
2.9 2
51 0.94
2.3 0.5
3.1 25
15 0.8
1.6 1.5
1.9 1.7
2.2 15
3.7 1.9
39 3.9
9.4 6.4
1.8 1.6
4.8 3.3
26 3.4
3.8 3
1.2 1.2
3.8 2.7
1.1 0.48
1.3 1.3
22 15
10 2.2
6.1 4.9
2.6 14
1.9 1.8
3.1 2.8
1.1 0.74
6.7 3.4
110 11
14 11
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

2261

Sample Interval

(cm)
Upper = Lower
15 46
46 76

Description
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect

> CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> SQS/SL, <CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> CSL/ML, Detect

> CSL/ML, Detect
> CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Mercury
PCBs (total calc'd)
Phenanthrene
Pyrene
Total HPAH (calc'd)
Total LPAH (calc'd)
Zinc
Acenaphthene
Arsenic
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene

Benzofluoranthenes (total-
calc'd)

Chrysene

DDTs (total-calc'd)
Dibenzo(a,h)anthracene
Fluoranthene
Indeno(1,2,3-cd)pyrene
Lead

Mercury

PCBs (total calc'd)
Pyrene

Total HPAH (calc'd)
Zinc
2,4-Dimethylphenol
2-Methylnaphthalene
2-Methylphenol
4-Methylphenol
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene

Benzofluoranthenes (total-
calc'd)

Chrysene
DDTs (total-calc'd)

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
16 11
18 9.6
2.3 2
4.6 3.2
25 3.3
9.3 2.6
7.7 6.1
6.8 4.8
8.5 3.4
1.3 0.57
2.8 1.9
1.7 1
1.2 0.94
1.4 0.73
1 0.96
1.7 15
2.3 11
36 3.6
1.2 0.52
2.7 1.8
1.2 1.1
1.7 1.4
2 1.4
14 1.8
6.2 4.8
2.9 2.1
1.6 0.69
48 48
11 51
9.8 9.8
3 3
15 10
3.9 3.9
18 3.9
15 13
11 5.7
11 10
9.7 8.6
14 7.1
230 23
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

6454

14462

Sample Interval

(cm)
Upper = Lower
76 107

30
30 61
0 30

Description

> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect
> CSL/ML, Detect

> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,

> CSL/ML,

> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,

> CSL/ML,
> SQS/SL,

<CSL/ML, Detect
Detect
Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
Detect
Detect

Detect

Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect

<CSL/ML, Detect

<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
Dibenzo(a,h)anthracene
Dibenzofuran
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Mercury
Naphthalene
PCBs (total calc'd)
Phenanthrene
Phenol
Pyrene
Total HPAH (calc'd)
Total LPAH (calc'd)
Zinc
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene

Benzofluoranthenes (total-
calc'd)

Chrysene

DDTs (total-calc'd)
Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Mercury

PCBs (total calc'd)
Phenanthrene

Pyrene

Total HPAH (calc'd)
Total LPAH (calc'd)
Cadmium

PCBs (total calc'd)
Acenaphthene
Benzo(a)anthracene

Benzofluoranthenes (total-
calc'd)

Chrysene
Fluoranthene

PCBs (total calc'd)
Total HPAH (calc'd)

Exceedance Factor

Subsurface Sediment QAPP

FINAL

(CSL exceedances
in bold)
SQS/SL | CSL/ML
4.2 1.8
18 14
32 22
22 12
7.3 6.4
24 1.7
11 10
17 2.2
49 14
1.5 0.52
22 17
18 12
27 11
1.8 0.76
3.6 0.8
54 4.4
51 2.7
4.5 4.2
4.6 4.1
6.6 3.3
170 17
2.3 0.96
11 7.6
1.2 0.67
55 4.8
2.5 1.7
1.5 0.19
5.2 1.4
9.2 7.3
7.4 5.2
2.7 1.1
1.4 1
15 0.2
3.2 2.2
1.1 0.88
1 0.92
1.6 0.79
3.1 2.1
26 3.4
1.3 0.94
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Location
Number

14463

14464

Sample Interval

(cm)
Upper = Lower
0 30
30 61
61 91
91 107
0 30
30 61
61 91
91 107

Description

> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> SQS/SL,

> SQS/SL,

> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> SQS/SL,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> CSL/ML,
> CSL/ML,
> SQS/SL,
> CSL/ML,
> SQS/SL,

<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
<CSL/ML, Detect

<CSL/ML, Detect

Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect
Detect
Detect
<CSL/ML, Detect
Detect
Detect
Detect
<CSL/ML, Detect
Detect
<CSL/ML, Detect

East Waterway Operable Unit

Port of Seattle

Parameter Name
PCBs (total calc'd)
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
Cadmium
Fluoranthene
Mercury
PCBs (total calc'd)
Zinc
Acenaphthene
Benzo(a)anthracene
Chrysene
Fluoranthene
Fluorene
Mercury
Phenanthrene
Total HPAH (calc'd)
Total LPAH (calc'd)
Mercury
Zinc
Mercury
PCBs (total calc'd)

Benzofluoranthenes (total-
calc'd)

Bis(2-ethylhexyl)phthalate
Cadmium

Fluoranthene

Mercury

PCBs (total calc'd)

Total HPAH (calc'd)

Zinc
Bis(2-ethylhexyl)phthalate
Butyl benzyl phthalate
Cadmium

Copper

Fluoranthene

Mercury

PCBs (total calc'd)

Silver

Total HPAH (calc'd)

Zinc

Anthracene

Exceedance Factor
(CSL exceedances

in bold)
SQS/SL | CSL/ML
2.6 0.48
2.3 14
1.3 0.1
2.4 1.8
1.1 0.14
3 2.1
17 3.1
4.1 1.8
3.4 0.96
1.2 0.48
11 0.26
2.9 0.38
2.7 0.8
4.3 3
1.8 0.38
1.7 0.3
1.1 0.52
3.3 2.3
1.5 0.65
1.2 0.85
7 0.91
1.1 0.56
2.3 1.4
1.1 0.85
1.3 0.17
2.1 14
12 2.2
1.1 0.21
1.4 0.59
3 1.8
1.1 0.083
18 14
1.7 1.7
2.4 0.32
4.7 3.3
18 3.4
1.2 1.2
1.3 0.23
39 17
2.3 0.5

Subsurface Sediment QAPP
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Historical surface sediment locations and SQS or CSL exceedances, cont.

Exceedance Factor

Sample Interval (CSL exceedances
Location (Eli) [ (i)
Number | Upper | Lower Description Parameter Name SQS/SL | CSL/ML

> CSL/ML, Detect Benzo(a)anthracene 8.5 6.9
> CSL/ML, Detect Benzo(a)pyrene 3.8 2
> CSL/ML, Detect Benzo(g,h,i)perylene 3.4 3.2
> CSL/ML, Detect Saelgij‘;ﬂ”oramhe”es (total- 47 4.2
> CSL/ML, Detect Bis(2-ethylhexyl)phthalate 2 1.4
> SQS/SL, <CSL/ML, Detect Butyl benzyl phthalate 3 0.21
> CSL/ML, Detect Cadmium 2.2 1.7
> CSL/ML, Detect Chrysene 7.9 3.9
> CSL/ML, Detect Copper 1 1
> CSL/ML, Detect Dibenzo(a,h)anthracene 2.5 11
> CSL/ML, Detect Fluoranthene 12 8.4
> SQS/SL, <CSL/ML, Detect Fluorene 1.4 0.76
> CSL/ML, Detect Indeno(1,2,3-cd)pyrene 4.3 3.8
> CSL/ML, Detect Mercury 5 3.4
> CSL/ML, Detect PCBs (total calc'd) 68 8.9
> SQS/SL, <CSL/ML, Detect Phenanthrene 2 0.56
> CSL/ML, Detect Pyrene 10 7.9
> CSL/ML, Detect Silver 1 1
> CSL/ML, Detect Total HPAH (calc'd) 7.9 5.6
> SQS/SL, <CSL/ML, Detect Total LPAH (calc'd) 1.3 0.53
> CSL/ML, Detect Zinc 3.9 1.7

PCB - polychlorinated biphenyl

PAH — polycyclic aromatic hydrocarbon

HPAH — high-molecular-weight polycyclic aromatic hydrocarbon

LPAH — low-molecular-weight polycyclic aromatic hydrocarbon

East Waterway Operable Unit Subsurface Sed”:e“t QAPP

Port of Seattle FlNAL ppendlx D

February 2010
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1 INTRODUCTION
This Quality Assurance Project Plan (QAPP) Appendix provides sampling and testing

procedures for geotechnical and chemistry evaluations in the mound area off the northwest
corner of Terminal 25 in the East Waterway (the mound). This Appendix was prepared as
requested by the Port of Seattle and U.S. Environmental Protection Agency (EPA) as part of
the East Waterway Supplemental Remedial Investigation/Feasibility Study (SRI/FS) and
supports the Subsurface Sediment Sampling QAPP prepared by Windward Environmental,
LLC (Windward).

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology November 6, 2009
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2 PROJECT MANAGEMENT

The overall management structure is consistent with that presented in the QAPP, including
key personnel and responsibilities. Additional personnel for the mound investigation are
described in this Section. The Environmental Protection Agency (EPA) and East Waterway
Group (EWG) will be involved in all aspects of this project, including discussion, review, and

approval of the QAPP and the interpretation of the results of the investigation.

2.1 Project Organization and Team Member Responsibilities

The sampling effort for the mound field investigation will be led by Anchor QEA, LLC
(Anchor QEA); however, all other aspects of the sampling effort will be led by Windward, as
described in the QAPP.

2.1.1 Project Management

The EPA and EWG project managers for the mound investigation are the same individuals
identified in the QAPP.

2.1.2 Field Coordination

In addition to the personnel presented in Section 2.1.2 of the QAPP, an engineering geologist
will lead collection of borings from the mound. Wes MacDonald will collect borings and log

sediment acquired for geotechnical testing. Mr. MacDonald can be reached as follows:

Mr. Wes MacDonald

Anchor QEA, LLC

1423 Third Avenue, Suite 300
Seattle, WA 98101
Telephone: 206-287-9130
Cellular phone: 206-450-8946

E-mail: wmacdonald@anchorgea.com

Sediment collected for chemical testing will be processed and logged by the same individuals

identified in the QAPP. Thai Do (Windward) will ensure that appropriate protocols for

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology November 6, 2009
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Project Management

sample preservation and holding times are observed, and will oversee delivery of
environmental samples to the designated laboratories for chemical analysis. Leslie McKee

(Anchor QEA) will coordinate processing and logging of sediment samples from the borings.

2.1.3 Quality Assurance/Quality Control

Personnel identified for quality assurance/quality control are the same individuals identified
in the QAPP.

2.1.4 Laboratory Project Management

Analytical Resources, Inc. (ARI) will perform chemical and geotechnical analyses for the
mound investigation. Sue Dunnihoo will serve as the laboratory project manager for ARI
and will be responsible for completing project management tasks identified in Section 2.1.4
of the QAPP.

2.1.5 Data Management

Personnel identified for quality assurance/quality control are the same individuals identified
in the QAPP.

2.2 Problem Definition/Background

The mound investigation is intended to supplement existing geotechnical and chemistry data
for subsurface sediments in the area of the mound. This Appendix identifies sampling

locations and testing to be conducted on samples from the mound.

The mound is located at the southern entrance to Slip 27 and was the former location of a
rail barge loading facility. Current water depths range from approximately -30 feet mean
lower low water (MLLW) at the federal channel boundary to -51 feet MLLW in the area 60
feet west of the federal channel boundary. The area around the mound was dredged in 2005
as part of the Phase 1 Removal Action. The mound was not dredged during that event due to
uncertainty of mound geotechnical and chemical characteristics. Existing slopes on the
mound range from 3 horizontal to 1 vertical (3H:1V) along the boundary of the Phase 1

removal area to 7H:1V or flatter further up the slope towards Terminal 25.

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology November 6, 2009
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Project Management

The nature and extent of potential contamination in the mound area will be addressed as part
of the SRI through additional chemical testing. In addition, if active remediation is necessary
in the mound, the presence of soft (weak) strata may pose significant challenges to feasibility
of remedial options due to potential instability of dredge slopes and/or an engineered cap.
Additional geotechnical explorations are necessary to better delineate the extent of soft

sediments in the area of the mound.

2.2.1 Mound Geology

Figure 1 provides locations of borings that have been advanced in the vicinity of the mound
during previous studies. The closest explorations, BH-2 and BH-1, were drilled in 1990 by
Hong West Associates (Hong West). The Hong West explorations, shown in Cross Section
A-A'on Figure 2, indicate relatively deep soft deposits of silt and organic silt, with some
near-surface silty sand in the vicinity of the mound. Borings BH-1 and BH-2 were advanced

to depths ranging from 68.5 to 83 feet below the mudline.

In addition to the Hong West explorations, Boring DH-8 was drilled in 1970 by Neil Twelker
& Associates in the vicinity of the mound. However, a log from this exploration was not
available at the time this Appendix was developed. Anchor QEA will continue to research

the location of this log and associated data as part of the geotechnical evaluation.

Additional studies have been performed more recently to characterize chemistry of near-
surface sediments in the vicinity of the mound (Windward 2002; SAIC 1999). These
explorations, which were performed using vibracore methods, provide limited useful
geotechnical data for the evaluations that are necessary to design a remedial solution for the
mound, if necessary. Most importantly, the vibracore does not provide in situ relative
density information that may be obtained using the standard penetration test. Section 3 of

this Appendix describes methodology for subsurface borings using a barge-mounted drill rig.
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2.2.2 Mound Subsurface Sediment Chemistry

The chemical characteristics of mound sediments have not been tested. As samples are
collected for geotechnical characterization, sub-sampling for chemical testing will also occur.

Additional details of chemical sampling and testing are included in Section 3.

2.3 Project/Task Description and Schedule

The sampling of mound subsurface sediment will be initiated following EPA’s approval of
the QAPP. The mound investigation will be conducted after other subsurface sediment

sampling presented in the QAPP is completed.

Two separate field crews will work simultaneously; one crew will collect sediment borings
and a second crew will log and process the sediment boring samples immediately following
collection. Sediment samples taken from the borings will be submitted to ARI for chemical
analyses (see Section 3.1.3). Chemical analyses of the samples, as described in Section 3.4 of
the QAPP, are expected to be completed 3 weeks after samples have been collected.
Preliminary, unvalidated data will be evaluated by EWG and EPA to select archived samples
for additional analyses, as described in Section 3.1.3. Validated data are expected to be
received approximately 5 weeks after chemical analyses are complete. A draft report
presenting the chemical data will be submitted to EPA 8 weeks after validated data are
received. Because other subsurface core collection, sampling, and analysis will occur prior to
the mound investigation (using the vibracorer and MudMole™), the draft chemical data
report of the mound investigation is anticipated to be provided as an addendum to the main

subsurface data report.

2.4 Data Quality Objectives and Criteria

The Data Quality Objective (DQO) and criteria for the mound investigation are the same as
those identified in Section 2.4 of the QAPP.

2.5 Special Training/Certification

Special training/certification requirements for the mound investigation are the same as those
identified in Section 2.5 of the QAPP.

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology November 6, 2009
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2.6 Documentation and Records

Documentation and records needed for field observations and laboratory analyses are the

same as those presented in Section 2.6 of the QAPP.
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3 DATA GENERATION AND ACQUISITION

This section describes the collection and handling of sediment samples for geotechnical and
chemical analyses. Elements include sampling design, sampling methods, sample handling
and custody requirements, analytical methods, quality assurance/quality control (QA/QC),

and other protocols.

3.1 Sampling Design

This section describes the sampling design for the boring exploration program in the mound.

3.1.1 Sampling Locations

The proposed exploration program in the mound consists of advancing two borings from a
barge-mounted drill rig to a depth of 50 to 60 feet below the existing mudline. Borings are
proposed to be located as shown in Figures 1 and 2. Borings will be performed by a
subcontract driller who will be selected at the time of work based on availability. Qualified
drillers with barge experience that will be considered include Boart Longyear, Cascade,
Gregory Drilling, and Holocene Drilling. Borings will be advanced using a drill rig stationed
on a barge anchored with spuds or other appropriate methods. Sediment samples will be
collected using a standard split spoon for geotechnical index testing and Shelby tubes for

geotechnical consolidation, strength, bulk density, and chemical testing.

3.1.2 Sectioning of Borings

Chemical and geotechnical index samples will be collected from alternating intervals for
each boring as shown in Figure 3. Chemical samples will be collected using a 30-inch Shelby
tube to collect 24-inch-long (2-foot) sample intervals. Two types of geotechnical samples
will be collected. For geotechnical index testing, samples will be collected from 18-inch
(1.5-foot) intervals using a split spoon sampler. For undisturbed geotechnical testing, a 30-
inch Shelby tube will be used to collect 24-inch-long (2-foot) sample intervals. However,
the upper-most sample may not be an intact sample due to disturbance associated with initial
penetration of the auger into the sediment. Chemical samples will be collected down to just
below the native sediment contact. Geotechnical index test samples will be collected at 5-

foot intervals below the native sediment contact to the planned bottom of the hole.
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Undisturbed geotechnical test samples will be collected from select intervals based on field
observations by the engineering geologist. At least one undisturbed geotechnical sample will

be collected from native material.

3.1.3 Chemical and Geotechnical Analysis

The top three intervals sampled for chemical testing using Shelby tubes from each of the
mound borings will be analyzed for Sediment Management Standards (SMS) chemicals
(semivolatile organic compounds [SVOCs], polychlorinated biphenyl [PCB] Aroclors,
mercury, and other metals) using analytical methods presented in Section 3.4 of the QAPP.
Each of these three samples will also be analyzed for total organic carbon (TOC), total solids,
and grain size. Each sediment interval collected for chemical testing will include archived
sediment for potential testing of tributyltin (TBT), organochlorine pesticides, and
dioxin/furans. Sample intervals located below the top three intervals sampled for chemical
testing will be archived for potential testing of SMS chemicals, TOC, total solids, grain size,
TBT, organochlorine pesticides, and dioxin/furans. At least one interval for chemical testing

will be archived within native sediment.

Geotechnical index testing will be collected from intervals shown in Figure 3 using a split
spoon sampler. These intervals are alternating with intervals collected for chemical testing.
Geotechnical index testing will consist of water content, specific gravity, Atterberg limits,
and grain size, but each test may not be completed from every interval. Geotechnical index

testing will be conducted according to methods presented in Section 3.4 of this Appendix.

Geotechnical strength testing (consolidated undrained [CU] triaxial strength testing,
consolidation, and bulk density) will be performed according to standard ASTM procedures
(see Section 3.4) on relatively undisturbed samples collected using Shelby tubes. The
selection of actual index test and Shelby tube samples for geotechnical characterization will
be determined in the field by a qualified geotechnical engineer; however a potential scenario
for testing is presented in Figure 3. Strength, consolidation, and bulk density samples are
anticipated at one per surface interval to assess in situ capping and one per major soil type
per boring to assess slope stability, for an estimated two to four consolidation tests, two to

four CU triaxial tests, and four to eight bulk density tests.
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3.2 Sampling Methods
3.2.1 Sample Identification

Each subsurface sediment core sampling location will be assigned a unique alphanumeric
location ID number. The first four characters of the location ID are “EW” to identify the EW
project area, followed by “09” to identify the year in which the sample was collected (i.e.,
EWO09). The next four characters are “SB” to indicate the type of samples to be collected (soil
boring), followed by a consecutive number identifying the specific location within the EW
(e.g., SBO1).

The sample ID will consist of the location ID followed by a numerical suffix that indicates
which depth horizon the sediment sample came from. For example, the sample from the
upper 2-foot section of the core collected from the mound at location EW(09-SB01 will be
identified as EW09-SB01-0-2; the 2- to 3.5-foot section of sediment from the same core will
be identified as EW(09-SB01-2-3.5; and so on.

Rinsate blanks, as described in the QAPP, will be assigned the first four characters of the
location ID, followed by “SB” and “RB” (i.e., EW09-SB-RB). The next character will be a
consecutive number beginning with “1.” For example, the first rinsate blank sample
collected would be identified as EW-09-SB-RB1.

3.2.2 Location Positioning

Location positioning will be conducted as identified in Section 3.2.2 of the QAPP.

3.2.3 Collection of Borings

Samples collected from borings on the mound will be collected at regular intervals from the
mudline downward using two methods. Geotechnical index test samples will be collected
using a split spoon sampler so that Standard Penetration Test (SPT) blowcounts can be
recorded. Geotechnical strength, consolidation, bulk density, and chemistry samples will be

obtained using stainless steel, thin wall Shelby tubes because an undisturbed sample is
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required for these particular geotechnical tests, and a larger core is needed to obtain

sufficient sample size for chemical analyses.

The Shelby tube and split spoon sampler will be used in an alternating sequence for each
boring as shown in Figure 3. The drill rig will be used to advance a casing (hollow steel pipe
or hollow-stem auger) to the top of the sample interval. For chemistry samples, the drill rig
will hydraulically push a decontaminated 3-inch diameter Shelby tube below the casing to
collect a 24-inch sample. Where split spoons are used, the SPT will be initiated, which uses a
calibrated hammer system to advance the 1.5-inch (inner diameter) sampler a total of 18

inches below the casing to collect the sample.

The borings will be collected by an engineering geologist from Anchor QEA. The following
data will be recorded on the core collection log:
e Sampling location, time, tide, and depth of water to sediment (as measured by
leadline)
e Elevation of location as measured from MLLW
e Location coordinates from DGPS
e Names of field personnel collecting and handling the cores
e Observations made during core collection, including weather conditions,
complications, ship traffic, and other details associated with the sampling effort
e Physical description of the sampler (e.g., intact, bent)
e Length and depth intervals of each section
e Standard penetration blow counts over the 18-inch drive, in 6-inch intervals
e Sample recovery, depicted graphically on the log
e Any deviation from the approved QAPP

3.24 Boring Processing
3.24.1 Split Spoon Samples

Split spoon samples will be opened on the barge and logged by the engineering geologist.
The following observations will be noted on the field log for each split spoon sample:

e SPT blowcounts over the 18-inch drive, in 6-inch intervals

e Sample recovery, depicted graphically on the log
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e Density/stiffness based on blow count

o Physical soil description in accordance with ASTM procedures (ASTM D 2488 and
ASTM D 2487 — Unified Soil Classification System) including soil type,
density/consistency of soil, and color

e Odor (e.g., hydrogen sulfide, petroleum)

e Visual stratification, structure, and texture

e Vegetation and debris (e.g., woodchips or fibers, paint chips, concrete, sand blast grit,
metal debris

e Biological activity (e.g., detritus, shells, tubes, bioturbation, live or dead organisms)

e Presence of oil sheen

Once these notes have been made, the sample will be removed from the split spoon sampler
and placed into sample containers. The sample containers will be labeled with the sample
identification number, packed in a cooler, and shipped to ARI under chain of custody for

geotechnical testing.

3.2.4.2 Shelby Tube Samples

Shelby tubes will be transported and processed at ARI as soon as possible after they are
received. All Shelby tubes from the boring will be logged according to the same protocols
described in Section 3.2.4 of the QAPP. The same processing team identified in the QAPP

will log and sample sediment from Shelby tube samples for consistency.

Select Shelby tube samples will be collected only for chemistry testing, however, based on
field observations, one or more Shelby tube samples from each mound boring will also be
tested for geotechnical testing using undisturbed Shelby tube samples. Shelby tube intervals
requiring chemical and undisturbed geotechnical testing will be refrigerated if not processed
within four hours of collection. First, sediment in the Shelby tube will be extracted for
geotechnical testing by ARI staff following protocols in Section 3.4. Only the minimum
sediment necessary for the pertinent undisturbed geotechnical test (CU triaxial strength,
consolidation, or bulk density) will be extracted. The remaining sediment unused for
undisturbed geotechnical testing will be collected by the Windward/Anchor QEA processing

team for chemistry testing following extraction of the sediment for geotechnical testing.
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Remaining sediment for chemical testing will be handled and processed according to Section
3.2.4 of the QAPP. Following homogenization, the Windward/Anchor QEA processing team
will place sediment in appropriate sample containers for sample analysis, as described in
Section 3.3.1 of the QAPP. Sediment from Shelby tubes will be extracted by the
geotechnical laboratory within adequate timeframes to meet chemical and geotechnical

sample hold times, as specified in Sections 3.4 of the QAPP and Section 3.4 of this Appendix.

Intervals extracted for geotechnical and chemical testing will be noted on processing logs and
in sample names (Section 3.2.1). For example, if only 1 foot of the Shelby tube interval is
extracted for undisturbed geotechnical testing, the other foot of remaining sediment will be
used for chemical testing, with the processing log and sample name describing the specific

one foot interval used for chemical testing.

3.2.5 Field Sampling and Processing Equipment

Section 3.2.5 of the QAPP provides a list of items needed in the field for collecting borings

and sample processing.

3.2.6 Decontamination Procedures

All sediment processing and homogenizing equipment used during sample processing at the
laboratory will be decontaminated using the same procedures as described in Section 3.2.6 of
the QAPP.

3.2.7 Field Generated Waste

Field generated waste, including soil cuttings, will be placed into a 55-gallon drum on board
the drill barge. Filled drums will be sent by the drilling subcontractor for offsite disposal as
part of their contract. Excess sediment remaining after processing of the Shelby-tubes at ARI
will be placed in drums and disposed in an appropriate manner using the procedures outlined
in ART’s Chemical Hygiene Plan. Drums will be properly labeled, kept closed, and stored
separately from other incompatible wastes (e.g., liquid solvents). Windward will ensure that

all drums are properly transported and disposed of.
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3.3 Sample Handling and Custody Requirements
3.3.1 Sample Handling Procedures
3.3.1.1 Geotechnical Testing

Sediment samples for geotechnical index testing (water content, specific gravity, Atterberg
limits, and grain size) will be placed in appropriately sized, pre-cleaned, labeled, wide-mouth
jars according to Table 1. Geotechnical strength, consolidation, and bulk density test samples
will be retained within their respective Shelby tubes until ready for processing at the
geotechnical laboratory (Table 1). Extraction of the sample for geotechnical testing will be
completed using decontaminated utensils to allow for remaining sediment to be processed as
described in Section 3.2.4.2 for chemical testing. Because remaining sediment may be
limited, sample jars for SMS chemistry will be prioritized, with additional sample jars filled
as volume permits. The most efficient combination of jars will be determined in consultation

with ARI in order to maximize remaining sediment for chemical testing.

Table 1
Sample Containers and Laboratories Conducting Analyses

Parameter Container Laboratory
Water content 4-0z glass or plastic jar ARI
Specific gravity 8-0z glass or plastic jar ARI
Atterberg limits 8-0z glass or plastic jar ARI
Grain size 16-0z glass or plastic jar ARI
Bulk density 3-inch diameter Shelby tube ARI
Consolidated undrained (CU) 3-inch diameter Shelby tube ARI

triaxial testing

Consolidation testing 3-inch diameter Shelby tube ARI

ARI — Analytical Resources, Inc.

3.3.1.2 Chemical Testing

Sediment samples for chemical testing will be placed in appropriately sized, pre-cleaned,
labeled, wide-mouth glass jars and capped with Teflon®-lined lids, as described in Section
3.3.1 of the QAPP.

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology November 6, 2009
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Data Generation and Acquisition

3.3.2

Sample Custody Procedures

Sample chain of custody procedures will be in accordance with the procedures described in
Section 3.3.2 of the QAPP.

3.3.3

Shipping Requirements

Sample shipping procedures will be in accordance with the procedures described in Section

3.3.3 of the QAPP.

3.4 Analytical Methods

Chemical analytical methods will be in accordance with procedures described in Section 3.4

of the QAPP. Analytical methods and sample handling requirements for geotechnical

samples are presented in Table 2. No additional data quality indicators are required for

geotechnical testing beyond that presented in Section 3.4 of the QAPP.

Table 2

Laboratory Analytical Methods and Sample Handling Requirements for Geotechnical Testing

Sample Holding

Parameter Method Reference Time® Preservative
Water content Drying oven ASTM D2216 6 months Cool/3-30°C
Specific gravity Pycnometer ASTM D854 None None
Atterberg limits Sieve ASTM D4318 None None

Grain size” Sieve/pipette PSEP (1986) 6 months Cool/0-6 °C

Bulk density Volumetric/gravimetric ASTM D2937 None None

Consolidated Triaxial testing ASTM D4767 None None
undrained (CU) triaxial apparatus
testing
Consolidation testing Consolidometer ASTM D2435 None None

a

disposal.

Any archive samples will be frozen at the laboratory until the Windward or Anchor QEA PM authorizes their

Grain size intervals include gravel: fractional % phi >-1 (>2000 microns); sand: fractional % phi -1-0 (1000-2000

microns), fractional % phi 0-1 (500-1000 microns), fractional % phi 1-2 (250-500 microns), fractional % phi 2-3
(125-250 microns), fractional % phi 3-4 (62.5-125 microns); silt: fractional % phi 4-5 (31.2-62.5 microns),
fractional % phi 5-6 (15.6-31.2 microns), fractional % phi 6-7 (7.8-15.6 microns), fractional % phi 7-8 (3.9-7.8
microns); clay: fractional % phi 8-9 (1.95-3.9 microns), fractional % phi 9-10 (0.98-1.95 microns), fractional % phi

10+ (<0.98 micron)

East Waterway Geotechnical and Chemical Subsurface Sediment Boring Methodology
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Data Generation and Acquisition

3.5 Quality Assurance

Quality assurance/quality control procedures will be in accordance with Section 3.5 of the
QAPP. No additional quality assurance/quality control procedures are required for

geotechnical testing beyond that presented in Section 3.5 of the QAPP.

3.6 Other Protocols

Unless specified in this Appendix, other protocols associated with subsurface sediment
sampling on the mound will be conducted in compliance with procedures defined in the
QAPP. This includes instrument/equipment testing, inspection, maintenance, calibration,
and frequency, inspection/acceptance of supplies and consumables, data management,

assessment and oversight, and data validation and usability.
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Notes:

Undisturbed Geotechnical Testing ? Geotechnical Index Testing
Chemical Sampling | Geotechnical Index |\ o o ia o Bulk | water |Atterberg| Grain | Specific
(Shelby Tube) ™ | Testing (Split Spoon) Strength Consolidation Density | Content | Limits®*| size®* |Gravity **
EW09-SB01-0-2.0 X X X
EW09-SB01-2.-3.5 X X X X
EW09-SB01-3.5-5.5 X X
EW09-SB01-5.5-7 X X X X
EWO09-SB01-7-9 X
EWO09-SB01-9-10.5 X X
EW09-SB01-10.5-12.5 X (A) X X
EW09-SB01-12.5-14 X X
EW09-SB01-14-16 X (A) X
EW09-SB01-16-17.5 X X X
EW09-SB01-17.5-19.5 X (A)
EWO09-SB01-19.5-21 X X
EWO09-SB01-24.5-26 X
EW09-SB01-26-28 X X X X X X X
EW09-SB01-29.5-31 X

1. Chemical samples collected down to just below native alluvium contact. Top three intervals will be analyzed for chemistry. All intervals collected for chemical

testing below the top three intervals will be archived (A). Boring continues with split spoon sampling at 5-foot intervals below native alluvium contact until planned
2. One or more Shelby tube samples will be divided into subsamples for geotechnical and chemical samples. In these samples, an intact portion of the Shelby tube

will be tested for consolidated undrained triaxial testing, consolidation, and/or bulk density. The remainder of sediment from the Shelby tube will be collected for

chemical analysis.
3. Atterberg Limits, Grain Size, and Specific Gravity test intervals to be selected in the field based on engineering geologist interpretation of soils.

4. Atotal of 5 to 10 Atterberg Limits and 5 to 10 Grain Size Tests planned per boring
5. Atotal of approximately 4 or 5 Specific Gravity Tests planned per boring
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1 INTRODUCTION

This appendix supports the Subsurface Sediment Sampling Quality Assurance Project Plan
(QAPP). It provides a summary of depth of native sediment in the East Waterway (EW)
using available information from previously collected sediment cores. The objective of this
report is to verify that proposed subsurface core sampling described in the QAPP is of
sufficient depth to collect native sediment. The data reviewed included historical sediment
core logs, dredge records, and EW bathymetry. The data presented in this report include a
summary of native sediment characteristics and estimated depths to native sediment using

the best available data.

2 NATIVE SEDIMENT CHARACTERISTICS

This section presents an overview of sediment characteristics of the EW. Sediment
characteristics were evaluated from key historical sediment core logs from the following

reports:

« EVS and Hart Crowser, 1996. Harbor Island Supplementary Remedial Investigation.

« SAIC, 1999. East Waterway Channel Deepening Sediment Characterization.

« Windward, 2002. East Waterway Phase 3 Subsurface Sediment Data Report.

« Anchor, 2006. Sediment Characterization Report, Port of Seattle Terminal 30.

« Windward and RETEC, 2006. Lower Duwamish Waterway Remedial Investigation
Data Report: Subsurface Sediment Sampling for Chemical Analyses.

Sediment stratigraphy of the Lower Duwamish Waterway (LDW) is expected to be similar to
that of the EW. Extensive study of the LDW was conducted by Windward and RETEC
(2006), which included 56 cores from River Mile (RM) O (southern end of the EW) to

RM 4.9. Sediments were grouped into three stratigraphic units identified for the LDW based
primarily on density, color, sediment type, texture, and marker bed horizons. These strata

were identified in the report as described below:

« Recent Silt — Unconsolidated organic silt. This material was characterized by higher
moisture content, finer texture, and higher visible organic matter compared to the
underlying materials.

« Upper Alluvium/Transition — This middle unit consisted of mostly silty sand. The

Review of Depth to Native Sediment in the East Waterway November 6, 2009
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upper alluvium material was characterized by low organic matter, higher density, and
higher percentage of sand compared to the upper unit. Some organic silt and woody
layers were often present.

« Lower (Native) Alluvium — This lower unit was predominantly sand (95 percent and
non-silty) with gradational sequences of sand and silty sand layers. The lower

alluvium unit was typically demarcated by a sharp horizon at its upper interface.

While the LDW study was not conducted in the EW, the native sediment stratigraphy in the
EW would be similar based on common geologic histories. Three core logs from the LDW
study near Harbor Island (RM 0.0 to RM 0.1) and other historical logs within the EW (i.e.,
EVS and Hart Crowser 1996; SAIC 1999; Windward 2002; and Anchor 2006) were reviewed.
Based on density, color, and sediment type as described in these studies, the sediments of the

EW can be loosely grouped as follows:

« Recent Silt — Same as described above in the LDW.

« Upper Alluvium/Fill — Variable. Gravelly, silty sand, or sandy silt. Trace to
occasional wood, organics, and shells.

« Lower (Native) Alluvium — Dominated by silty sand or sand interbedded with silt
(seams and layers). Sand is fine to medium with occasional clay pockets and seams.
Trace to moderate wood (twigs, non-anthropogenic) and shells. Less of a sharp
demarcation exists between the Upper Alluvium/Fill and Lower Alluvium than was

identified in the LDW stratigraphy.

3 ESTIMATED DEPTHS OF NATIVE ALLUVIUM

This section presents the native alluvium lithologic and stratigraphic characteristics,
estimated depth below mudline, and associated elevations from available core information.
This overview is based on selected historical sediment core logs, as listed above and
contained in Attachment A. Table 1 summarizes the estimated depths to the top of native
alluvium for each historic core log. Figures 1a and 1b depict historical coring locations along
with corresponding estimated depths to the top of native alluvium, the proposed subsurface
sediment sampling locations described in the QAPP, and previous dredge events. Note that
these depths represent the mudline at the time of the study and may have been altered by

subsequent dredge events. A summary of dredge events is provided in Section 4.
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3.1 EVS and Hart Crowser, 1996

Three cores were collected within the EW channel between approximately Stations 1400 and
5300 (Figures 1a and 1b). The length of the core tubes was 12 feet, and between 8 and 9 feet
of recovery were achieved using vibracore methodology. Native alluvium was encountered
in two of the three cores at approximately 5 feet below mudline, which is equivalent to -44.5
to -50.5 mean lower low water (MLLW) in this area. Note that native sediment was not
tagged in the remaining core due to insufficient depth. Recovered native alluvium beds were
approximately 2 to 4 feet thick. Native alluvium was characterized as medium dense, thinly

bedded, silty fine sand.

Dredge events that would impact these depth estimates include the Stage 1 (-51 feet MLLW)
and Phase 1 (-51 feet MLLW plus a 1 foot sand cap) dredging. Due to these dredge events,

the depths to native alluvium are expected to be shallower than indicated.

3.2 SAIC, 1999

Approximately 70 cores were collected throughout the EW between Stations 0 and 5800
(including Slip 36) for a channel deepening study. Of the 70 core logs, representative cores
were selected throughout the area of the EW sampled for this assessment. Coring was
completed using three different lengths of core tubes (8, 12, and 16 feet) by vibracore
methodology. Core recoveries averaged around 92 percent, with a few cores requiring
multiple attempts to achieve sufficient recovery. Native alluvium depths and elevations
varied depending on location within the EW. In general, the native alluvium was
encountered between 4 and 10.8 feet below mudline, which is equivalent to between -40 and
-54 feet MLLW. Recovered native alluvium beds varied in thickness between 2 and 6 feet.
Native alluvium was characterized as medium dense to dense, gray/black, silty, fine to

medium sand.

Due to the spatial extent of sampling, the majority of the depth estimates were affected by
several dredge events. A summary of these events is provided in Section 4. In general,

depths to native alluvium are expected to be shallower than indicated.
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3.3 Windward, 2002

Twelve cores were reviewed from the Phase 3 subsurface sediment characterization report.
Cores were collected in the EW between Stations 1700 and 5800. Core tube lengths varied
between 8 and 17 feet, with an average core recovery of 82 percent using Mudmole®
methodology. Native alluvium depths ranged from 2 to 14 feet below mudline, which is
equivalent to between -45 and -55 feet MLLW. Recovered native alluvium beds varied in
thickness from 2 to 8 feet. Native alluvium was characterized as dark grey to grey brown,

fine to medium sand with about 10 percent silt and occasional silt seams and interbeds.

Dredge events that would impact these depth estimates include the Phase 1 (-51 feet MLLW
plus a 1 foot sand cover) and the T-30 (-51 feet MLLW) dredges. Due to these events, the

depths to native alluvium is expected to be shallower than indicated.

3.4 Anchor, 2006

Twenty cores were collected in the vicinity of Terminal 30 between Stations 2000 and 3600
for a sediment characterization report. The length of the core tubes was 14 feet, with 12 feet
of recovery typically achieved. The majority of the cores were only logged to 6 feet below
mudline. Native alluvium sediment was identified between 2 and 4 feet below mudline,
which is equivalent to -43 to -48 feet MLLW in this area. However, differentiation of upper
alluvium from native alluvium was less apparent in these cores than in other areas of the
waterway, possibly due to previous dredging activities. Native alluvium was characterized as

gray/black, silty, fine to medium sand with clay and silt interbeds.

Dredge events that would impact these depth estimates include the Terminal-30 (-51 feet
MLLW) dredge boundary and the subsequent dredge event along Terminal 30 to -55 feet
MLLW before being backfilled with riprap.

4 DREDGING HISTORY

Portions of the EW have been dredged multiple times since its original construction in the
early 1900s. A detailed summary of recent dredging and fill activities conducted in the EW
over the past 10 years is included in the Existing Information Summary Report (Anchor and

Windward 2007). Dredging in the EW has been conducted to maintain and deepen existing
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berths and to deepen the federal navigation channel to its authorized depth of -51 feet
MLLW. Figures 1a and 1b show recent dredging events from December 1999 to November
2009.

A summary of the recent dredge events in the EW is listed below (Figures 1a and 1b):

« Stage 1 navigational dredging (December 1999 to February 2000) to -51 feet MLLW
from the north end of the EW to Station 4950.

« Terminal 30 berth dredging (2002) to -44 feet MLLW.

« Phase 1 dredging (January 2004 to February 2005) to -51 feet MLLW. A sand layer
was placed over most of the dredge footprint at -52 feet MLLW.

« Slip 36 dredging (August 2004 to February 2005) to -40 feet MLLW.

« Terminal 46 maintenance dredging (2005) to -51 feet MLLW.

« Terminal 30 berth deepening (January 2008 to February 2009) to -51 feet MLLW.

« Terminal 18 dredging in Berths 2 through 5 (January 2005 to November 2006) to -51
to -52 feet MLLW.

« Terminal 18 minor maintenance dredging (January and February 2009) to -51 feet
MLLW (less than 1,000 cubic yards removed; too small to be shown on Figures 1a and
1b).

Dredging in the EW conducted prior to 1990 was not indicated on Figures 1a and 1b because
the records of these dredging events are limited and exact dimensions are unknown. These
dredging events are described below:

o  Terminal 25 (1970s) to -50 feet MLLW up to the federal channel boundary.

o Terminal 25 (1981) to -55 feet MLLW from Stations 4250 to 6100. This event
included dredging a keyway along the face of Berth 25 for construction of the under
pier slope. The keyway was backfilled with riprap to approximately —50 feet MLLW.

The outer edge of the excavation would likely have been less than 25 feet from the
face of the pier. The keyway width was 5 feet and the outer edge sloped from -55
feet MLLW (toe of keyway) to approximately -45 feet MLLW.

«  Terminal 30 (1980s) to -55 feet MLLW from Stations 1600 to 3600 before being
backfilled with riprap. This dredging was similar to the Terminal 25 keyway
dredging described above.
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5 SUMMARY OF DEPTH TO NATIVE ALLUVIUM FINDINGS

Core logs from five studies were reviewed along with dredge depths and bathymetry data in
order to determine the depth to native alluvium in the EW. Results of the review indicated
that native alluvium depths ranged from approximately 4 to 14 feet below mudline at the
time the studies were conducted. Subsequent dredge events likely affected these depths to
native sediment. Based on this assessment, required core tube lengths will vary depending
on location. The final elevation of surface sediments following recent dredge events in the
EW is thought to be at or within several feet of native alluvium. Therefore, core depths
required in these dredged areas are expected to require shorter tubes (on the order of 8 to 12
feet). Assummarized in Figures 1a and 1b, cores completed outside the federal navigation
channel along Terminal 18, Terminal 25, and within Slip 36 will require shorter tubes (8 to
12 feet). Cores completed south of Station 4950 (coincident with the southern end of the
Phase 1 dredging) will require longer tubes (12 to 14 feet). Two additional deep borings will
be collected and analyzed for geotechnical purposes to 50 to 60 feet below mudline. These

borings are described in detail in Appendix E.

6 LIMITATIONS

The limitations of assessing depths of stratigraphic units from historical logs include accuracy
of water depth, tides, mudline calculations, recorded elevations, and quality of sediment
lithology descriptions. Core logs and associated lengths to each stratigraphic unit were not
corrected when the length recovered was less than the length driven. However, percent
recoveries were generally high, which would not substantially change the results of the
analysis. The interpretations of the depths to native alluvium presented in this appendix may

be affected by these limitations and should be considered a preliminary assessment.
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Table 1

Review of East Waterway Historic Core Logs For Depth to Native Alluvium

Depth to Top of
Mudline Elevation | Native Alluvium
Study/Core Log* | (ft MLLW)? | (ft MLLW) (ft) Notes
EVS and Hart Crowser, 1996
HI- EW-01 -41.5 -45.8 4.3 -
HI- EW-06 -48 none none Depth to native is greater than 8.9 feet
HI- EW-11 -45.5 -51.5 6 -
SAIC, 1999
ED- 1 -40.8 -44.8 4 -
ED- 4 -37.3 -40.7 34 --
ED- 8 -39.5 -47.5 8 -
ED- 10 -38.8 -47.6 8.8 -
ED- 12 -43.5 -53.9 10.4 -
ED- 13 -37.3 -46.5 9.2 -
ED- 14 -42.8 -52.6 9.8 -
ED- 17 -43.8 -52.4 8.6 -
ED- 21 -43.1 -53.6 10.5 -
ED- 23 -41.1 -46.9 5.8 -
mudline/coordinates from core 2, depths and
ED- 30 -38.1 -46.2 8.1 native sediment evaluation from core 1
ED- 34 -45.5 -52.7 7.2 -
ED- 36 -34.9 -45.7 10.8 -
ED- 38 -42.1 -50.1 8 -
ED- 39 -40.3 -50.4 10.1 -
ED- 40 -42.6 -52.6 10 --
ED- 41 -41 -45 4 -
ED- 43 -40.5 -42.8 2.3 -
ED- 44 -43.4 -47.4 4 -
ED- 45 -37.1 -41.6 4.5 -
ED- 46 -47.1 -49.9 2.8 -
core 4, short core only 5 feet of recovery,
ED- 48 -47.6 none none depth to native is greater than 5 feet
ED- 50 -44 -52.2 8.2 -
ED- 53 -44.6 -52.5 7.9 -
ED- 54 -44.7 -50.7 6 -
ED- 58 -41.2 -42.7 1.5 -
ED- 62 -37.4 -45.4 8 -
ED- 63 -38.9 -47.1 8.2 -
ED- 70 -38.7 -49.8 11.1 -
ED- 75 -41.8 -47.9 6.1 corel
ED- 75 -42.6 -51.6 9 core 2
CG- 1 -37.2 -40.5 3.3 corel
CG- 2 -34.9 -40 5.1 core 2
CG- 3 -31.9 -36.1 4.2 corel
CG- 4 -32.5 -37.3 4.8 corel
CG- 5 -34.9 -39.7 4.8 corel
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Table 1

Review of East Waterway Historic Core Logs For Depth to Native Alluvium

Depth to Top of
Mudline Elevation | Native Alluvium
Study/Core Log* | (ft MLLW)? | (ft MLLW) (ft) Notes
Windward, 2002
EW- 143 -40.7 -47.2 6.5 --
EW- 144 -36.5 -50.5 14 -
EW- 145 -43.3 -55.3 12 --
EW- 146 -41 -55 14 -
EW- 147 -38.1 -48.1 10 -
EW- 148 -41.1 -49.1 8 -
EW- 149 -43.4 -51.4 8 --
EW- 150 -44.2 -55.2 11 -
EW- 151 -44 -51 7 -
EW- 152 -42 -51 9 -
EW- 153 -40.4 -45.4 5 -
EW- 154 -49.4 -51.4 2
Anchor, 2006
T-30 S1-01A -41.7 -43.7 2 -
T-30 S1-01B -40.4 -44.2 3.8 -
T-30 $1-02 -40.3 -43.6 3.3 -
T-30 S$1-03 -41.3 -43.5 2.2 -
T-30 $3-02 -47.1 -48.6 1.5 -
T-30 S$4-01 -46.8 -47.3 0.5 -
T-30 S$5-01 -45.5 -47.5 2 -
Notes:

1. Data included on the table are from available core logs with the most appropriate spatial representation.
2. Mudline depths were measured at the time the study was conducted and may not reflect current depths

due to dredge events and recent deposition.
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EVS AND HART CROWSER, 1996
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Sediment Core Log HI-EW-01

Type of Sample: Impact Core Northing: 213,969
Date/Time: 3/20/85 09:15  Easting: 1,267,447
Recovery Length in Feet: 9.3 : Drive Length in Feet: 11.0
Mudline Elevation in Feet: —41.5 ‘ ‘ - Core Tube
' ' Recovery "
o Eg §§ | Lergth  SEDIMENT DESCRIPTIONS
A 0 i (Very soft). wet, black, clayey, sandy SILT (thinly bedded) with scattered 7
N waad fragments. /
ASE 47
i slsoc;f‘;).fr:;rt.;‘e:rlc:‘m. clayey, very sandy SILT (thinly bedded) with scottered é
Bl2p 3] 7
B 5-2 %
o 4
L 1
7 (Loose to medium dense), wet, brown, thinly bedded, siightly clayey, /
-] very silty, fine SAND. /
5—_1 é
< ] /
T 5 ' %
-3 é
g 7
10 ] | é
.- Z
: Z
b ] 7,
10—
11-:
]
Note: 1. Horizontal control is bosed on NAD 83 datum (DGPS) ]

ond vertical control is based on MLLW dotum,

. Length of core tubes is 12 feet. HAR‘T@R@

. Collocated surface samples were collected with

van Veen grab samplers. J=-4249-04 68/85
. This stotion was located on a bathymetric slope resulting

in difficult sediment recovery. : Flgure E-2

b WN
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Sediment Core Log HI-EW-06

Type of Sample: Impact Care Northing: 215,410
Date/Time: 3/20/95 11:24 Easting: 1,267,306
Recovery Length in Feet: B.8

Mudline Elevation in Feet: —48.0

Core
Section

Parcent
Compaction
Composite
Sample

Length  SERIMENT DESCRIPTIONS

in Feet

Drive Length in Feet: 1.0

waod frogments, and trace fabric debris.

.(Soft), wet, black, sandy, cloyey SILT with 1/4—inch dorker layers, scattered

mjm
v
1
[}
[}
4

17

olo
@
N R BN B I

7 — Wood fragments.

{Soft), wet, dork gray, very cloyey SILT with "blocky, turboted” texture.

Note: 1. Horizontol control is based on NAD B3 datum {DGPS)
and verticol control is bosed an MLLW datum.
2. Length of core tubes is 12 feet.
3. Collocated surface samples were coliected with
van Veen grob samplers.

i
[

Core Jube
and Sediment
Recovery

Y

[FIARTOROMSER

J-4249-04
Figure E-3

6/95



he—pep

ewd 6/13/95 Y=

Sediment Core Log HI-EW-11

Northing: 217,074
Eosting: 1,267,307
Drive Length in Feet: 11.0

Type of

~Date/Time: 3/20/95 10:40
Recovery Length in Feet: 8.2

Sample: impaoct Core

Mudline Elevation in Feet: —45.5

Core Tube
and Sediment
Recovery

g s
-0 &
§3 82
Cort o £S5 S8 Ledh SEDIMENT DESCRIPTIONS
[
A - (Very saft), clayey, very sandy SILT aver (very saft), wet, gray, very silty, "fat”
i CLAY with trace wood fragments. '
§-1 é
1— /
' = - — — 7
] \_(Loose), wet, brown, cloyey, very sandy SILT grading to silty, fine SAND. %
27 Layer of black, slightly sandy SILT. /
25 ] %
B i /
B §—2 3— %
4 é
sl 17
25 4 (Loose), wet, brown, silty, fine SAND. é
. : 7
g\ | - uy
- (Loose), wet, brown, very silty, fine SAND {thinly bedded). %
s-3 /
- 20 7— /
0 - %
99—
10—
11—
12— o
. ) Cnd
Note: 1. Horizontal control is bosed on NAD 83 datum (DGPS) ]
- ond verticol control is bosed on MLLW dotum.
z 2. Length of core tubes is 12 feet.
= 3. Collocated surfoce somples were collected with HARTCR@WSER

von Veen grob somplers.

J-4248-04 6/85
Figure E-4
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E——— SEDIMENT CORING LOG (porttd)
% Core Number _FD -1 [cere i)
DATE SAMPLED: €, 15/4% CORE PENETRATION: __12-5
'. LOCATION: East Waterway - Seattie, WA~ CORE RECOVERY: j2d - o1 {z.2
TIME: 03’ {3 % RECOVERY: 94 2.
UNCORRECTED DEPTH (-FT): 1 SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): ~0.5 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Jr 34 24 . 5o
ACOE WATER LEVEL (TIDE}: + 0.4 LONGITUDE: 12120 YUY (i
WATER DEPTH ACOE MLLW: ye. ¢ NORTHING: LII36y S =
VESSEL; RV Nancy Anns EASTING: | LF ol LS e I
SAMPLED BY: SAICHerreraiMSS WEATHER: ' Ovever 3 SS7F o5
was, N 2T En.3
DEPTH SAMPLE DATA SEWET | ¢ =rs ¥ A K e -0
f N .
28 | 2 "BR: o | PA-us iz ol
23 | 32 | qume g § 4] %
B3 3| wmver | 2 2 8 = LITHOLOGY . OBSERVATIONS
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= SEDIMENT CORING LOG (pese2)
iy W o Core Number £9—1_ ()
DATE SAMPLED: - 1g 22 CORE PENETRATION:
LOCATION: East Waterway - Seattie. WA CORE RECOVERY: {2.2 :
TIME: C8i7 % RECOVERY: 99 «
UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: AV Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
B2 153 | sampie | 3|8
£2, 8 nmem |22 23 LITHOLOGY OBSERVATIONS
- © 9 olo]
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DATE SAMPLED:
LOCATION:
TIME:

UNCORRECTED DEPTH (-FT):

SEDIMENT CORING L.OG

Core Number [ ~| (wre2.)

sy / s CORE PENETRATION: .o

East V\)atemay - Seattie, WA CORE RECOVERY: .2 =92 = ‘(L
| Z 1z % RECOVERY: %) %
Yi o SAMPLING METHOD:  MSS Vibracore __—~~

NOS WATER LEVEL (TIDE): ly POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: y3 3 2944e
ACOE WATER LEVEL (TIDE): FS LONGITUDE: |22 22 Y CF
WATER DEPTH ACOE MLLW: sy NORTHING: 21330863
VESSEL: R/ Nancy Anne EASTING: [Lletlo §7
SAMPLED BY: SAICHerrera/MSS WEATHER: ' Durosct (L lm LO-LTE
poindo ight S < 2 knd
DEPTH SAMPLE DATA ol g - 15" -Mi-l%_c._é‘—-ﬁ—tf—o’“
3|2 g g 2 % Just comsll nage ~o2
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. — - SEDIMENT CORING ITOG (peset)
o Core Number £ED-4_ C"f'«
DATE SAMPLED: , ghxlag core peneTRATION: _[ & y
LOCATION: East Waterway - Seattis, WA CORE RECOVERY: [4.+ -0 = (2 r
TIME: 1352 % RECOVERY: §o.
UNCORRECTED DEPTH (-F1): H+5 - SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): +9.3 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Uy 34 32.2%3
ACOE WATER LEVEL (TIDE): 10 2 LONGITUDE: (L 1° Y (5S¢
WATER DEPTH ACOE MLLW: 3.3 NORTHING: 21365156
VESSEL: RA Nancy Anne EASTING: _ |2 (Lb. 0F
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Veree, + LS OF  Cahe
Wwids Tiyst < B knots, S
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SEDIMENT CORING LOG (pr®

. / A N !
s Nl o Core Number ED-Y (aner)
DATE SAMPLED: R-17-9% CORE PENETRATION: 7
LOCATION: East Walerway - Seattle, WA CORE RECOVERY: { 3,5
TIME: 2.5 2 % RECOVERY: Bt A
UNCORRECTED DEPTH (-FT): SAMPUING METHOD:  _MSS Vibracare
NOS WATER LEVEL (TIDE); POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE.
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: - RN Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
38 | 2 2| 9
ﬁ“g’ Gz SAMPLE E § ] é
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SEDIMENT CORING LOG (Pe®

SFesr—
Y/ . ¥ |
by A o Core Number _ED-U {cnel)
DATE SAMPLED: 2 -17-9¢ CORE PENETRATION:
LOCATION: East Waterway - Seattla. WA CORE RECOVERY:; / %,‘S’
r
TIME: (&2 % RECOVERY: 96 4
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: +0.9 LATITUDE:
ACOE WATER LEVEL (TIDE); ~ LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL. R Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
28 2 2 & 7
33 | 82 | v |E |3 o | 2
k= D (&) Q =
83 3| wmeer |2 | 2 2| 2 LITHOLOGY OBSERVATIONS
e gooT] .
- 1 Silhy SAND (see alowe)
L \
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7 2 % SEDIMENT CORING LOG
N o Core Number ED -4 (w2t}
DATE SAMPLED: § /l 3 / q¢ CORE PENETRATION: __1.©
. LOCATION: East Waterway - Seattle, WA CORE RECOVERY: X
TIME: U3 % RECOVERY: 550.
UNCORRECTED DEPTH (-FT): 4.5 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 4.0 POSITIONING METHOD: DGPS____
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: L k]
ACOE WATER LEVEL (TIDE): 4. LONGITUDE: 21 10 yd. | F‘?
WATER DEPTH ACOE MLLW: 40.6 NORTHING: 213.56.43
VESSEL; RN Nancy Anne EASTING: j2LFbH Y -
SAMPLED BY: SAICHerrera/MSS . WEATHER: HOH'L\ fosdy,  Coan hyea ks
Lh- t-j:g s lahd 5,
DEPTH SAMPLE DATA e Y Hk (ot 1-f° bat mtl.]
38 |z 2| E 0| g -5 need 3.4 °
22 | 3z | sume | E |3 | g g v
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E——— — SEDIMENT CORING LOG Cj’w\

Y / . ¥ !

7 a1 L Core Number -5 (cere ¢

DATE SAMPLED: g/ { 2'/ & CORE PENETRATION: .S

1 LOCATION: East Waterway - Seattle, WA CORE RECOVERY: [ o ~0.2 = 6.4

TIME: ENF % RECOVERY: {09

UNCORRECTED DEPTH (-FT): 2 42y - SAMPLING METHOD: = _MSS Vibracare _

NOS WATER LEVEL (TIDE): + 2.1 POSITIONING METHOD: _DGPS o

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Y4 571 56 3K

ACOE WATER LEVEL (TIDE): £32.° LONGITUDE: (22 20 “Y 227

WATER DEPTH ACOE MLLW: 22.€ NORTHING: ZiUsH SO e

VESSEL: RN Nancy Anne EASTING: AR I A

SAMPLED BY: SAICHereraMSS WEATHER: : Ot Stany MOp~ -

ves NSl |-

~ DEPTH SAMPLE DATA T e =13 o (ot off hee ~0.T. EE

’ig ﬁ 2| - I¥.a-1% = (et * S-M%re‘, was A;HJ;L{ ‘;

38 | 35 | SwmeE B g | o g pstre, (hyz-ene] '

§ u.-d: NUMBER zZ | 2|8 | & LITHOLOGY OBSERVATIONS
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SEDIMENT CORING LOG

73—

a2 Core Number &9_8_ (o)) (P2

DATE SAMPLED: Z—12-9% CORE PENETRATION: [6S

LOCATION: East Waterway - Seattle, VWA CORE RECOVERY: / fos vd

TIME: 1347 % RECOVERY: (0o~

UNCORRECTED DEPTH (-FT): SAMPLING METHOD: _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RA/ Nancy Anne EASTING:
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Core Number

= SEDIMENT CORING LOG (eox 9
i = Goore
|

DATE SAMPLED: G -)2 1% CORE PENETRATION: { 44

" LOCATION: East Waterway - Seatte. WA CORE RECOVERY: /LS
 TIME: % RECOVERY: Ino

UNCORRECTED DEPTM (-FT): , SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 _ LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: R/V Nancy Anne EASTING:

SAMPLED BY: SAICHemer/MSS WEATHER:
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SEDIMENT CORING LOG

AT K o Core Number =D~ (e ?)
DATE SAMPLED: 3/ l 2’/ a& CORE PENETRATION: .0
LOCATION: East Waterway - Seattie. WA CORE RECOVERY: (z.?
TIME: 1230 % RECOVERY: joo 7.
UNCORRECTED DEPTH (-FT): qd4. SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 9 { POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: HUF 34 26L.493%
ACOE WATER LEVEL (TIDE): $ o LONGITUDE; 112 2° 9Y4.2%2-
WATER DEPTH ACOE MLLW; fa il NORTHING: 214962 1§ _
VESSEL: RN Nancy Anne EASTING: |2l L9.4Y .
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Jvanq clea 0-36°F
vetnd y WiW S ki,
T
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E—— — SEDIMENT CORING LOG %+
r— /am ' L 7 Core Number |§|2-lO (covet D
DATE SAMPLED: g/1=(a& CORE PENETRATION: le.=
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: H} -C. =~ 13,91
TIME: 1414 % RECOVERY: 287 |
UNCORRECTED DEPTH (-FT): 29 9 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): N = POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: 9% Jd 3 vl
ACOE WATER LEVEL (TIDE}: i1 LONGITUDE: 2 29 Y% o
WATER DEPTH ACOE MLLW: gL NORTHING: 213542 o0
VESSEL: . RA/ Nancy Anne EASTING: 1267 291 0%
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Ny /7 - ¥ ;| s

vy Ao Core Number _ED—/0 (“core /)

DATE SAMPLED: CORE PENETRATION:
" LOCATION: East Watarway - Seattle. WA CORE RECOVERY:
- TIME: % RECOVERY:

UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS$ Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RA Nancy Anne EASTING:

SAMPLED BY: SAICHemeraMSS WEATHER:
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SEDIMENT CORING LOG (g3 ‘
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Y / % /!

=T o Core Number _ED~.> ( 1)

DATE SAMPLED: CORE PENETRATION:

LOCATION: East Waterway - Seattle. WA CORE RECOVERY:

TIME: % RECOVERY:

UNCORRECTED DEPTH (-FT: SAMPLING METHOD: . _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: '

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RA Nancy Anne EASTING:

SAMPLED BY: SAIC/HerreraMSS WEATHER:
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7t 71 Core Number EQ- [O Cre 2
DATE SAMPLED: g:’/( )/ 9f CORE PENETRATION: b.®
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 2 -01=: (o
TIME: % % RECOVERY: 10”2,
UNCORRECTED DEPTH (-FT): —0 4 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): +2.2 POSITIONING METHOD: _DGPS _
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Uy N 3l rey
ACOE WATER LEVEL (TIDE): 3 1 LONGITUDE: 122 v =l )%
WATER DEPTH ACOE MLLW: 3+.5 NORTHING: 213519 @3
VESSEL: RV Nancy Anne EASTING: | 2T 294 . 4 1
SAMPLED BY: SAIC/HereraMSS WEATHER: Werdinr PL. sonmy  CS=fo'F
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= SEDIMENT CORING LOG <(_¢.=r¢))
r— /11— Core Number _£D -1 (lo) ([ *
DATE SAMPLED: ¥ / 3/ay CORE PENETRATION: 235
LOCATION: East Waterwav - Seattle. WA CORE RECOVERY: 2.4 -0 L = |2.7
TIME: ZE) % RECOVERY: 937
UNCORRECTED DEPTH (-FT): - 650 | SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): tS r POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: +09 LATITUDE: 43 3y 34 Mo
ACOE WATER LEVEL (TIDE): +g b LONGITUDE: j2r 20 qL S99
WATER DEPTH ACOE MLLW: ~ 45.C NORTHING: 71284935
VESSEL: R/V Nancy Anne EASTING: 1264294 15 7
SAMPLED BY: SAIC/Herrera/MSS WEATHER: T
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SEDIMENT CORING LOG (¥

Y / " § ({ sy
i L Core Number £p-/2 (lory, #1)
DATE SAMPLED: X-3% -7 CORE PENETRATION:
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: (2.3
TIME: 1213 % RECOVERY: Cdd Vel
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORREGTION: _+09 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH AGCOE MLLW: NORTHING:
VESSEL: RAV Nancy Anne EASTING:
SAMPLELD BY: SAIC/Herrera/MSS WEATHER:
|
DEPTH SAMPLE DATA SEOMENT
58 | 3 g | E 2
23 8z wwe E(3 g |2
$2 | &2 nmer (2| 2| 2| 3 LITHOLOGY OBSERVATIONS
- A 4005 WL SILT (a0 abowe)
1
o
‘_@ [ — 79Jl° 8 & ]
n NG | Bk VD bRy Soa il Sove Cay | baw
— q%)\ob ,ﬂ/d‘/"/ﬁb{’ffwc‘/‘hugs. MD?}%M&/%A .
~ ONTNWE_ " >
= ]
. L &” . .
:-q (ﬁéﬂ({ﬁv V:C’/.j/ay Se T M,?Z ,{4:12'-".44-/47(,,5 07[
: Mﬁf \ F‘ 0 .
- Sngled ) frne 5oud, race ploatf bees Tore-oc
- V. 5o 5ﬁ"<'é7 boiSt ¢//w o
—#0 {
[~ 10,4 —
:—. £l .
o leck *o L/fCl-ﬁfaj/ /me SHRD e Th Some Sye
[ e, S’f 59 )C-’L .
— £ -
— K? L]

DIVOUOAEASTWATERWANCORELOG.OSF 112408

REVIEWED 8Y: PAGE~Z OF & _




—_——a———= c;ﬂ.)
E= - —3 SEDIMENT CORING LOG (*¢
e | Core Number =13 ~{ 2~ [ Shad cave )
¢

DATE SAMPLED: /5/ 3 ,-/ 2k CORE PENETRATION: L5

LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 6 H tf L2 = Q: 2

TIME: TESY % RECOVERY: a7

UNCORRECTED DEPTH (-FT): Y4 SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): +4.F POSITIONING METHOD: _DGPS - i

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Wl M 3422 T

ACOE WATER LEVEL (TIDE): +5 L LONGITUDE: (1t L° 41,30}

WATER DEPTH ACOE MLLW: H3 H NORTHING: 2135939.4 1~ ,

VESSEL: R/ Nancy Anne EASTING: | 23293 47 L 3

SAMPLED BY: SAIC/Herrera/MSS WEATHER: R
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=y SEDIMENT CORING LOG
=/ = )
— i 1T Core Number E-{3 G ¢ Jof 2
£,
DATE SAMPLED: %/ S48 CORE PENETRATION: {0
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 1.9
TIME- 150z % RECOVERY: 85 2
UNCORRECTED DEPTH (-FT}: - USPT =445 SAMPLNGMETHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE}: 485 +a4. POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE. 43 34 Se.oor
ACOE WATER LEVEL (TIDE): + 4K & LONGITUDE. (2220 41, 19
WATER DEPTH ACOE MLLW: 3. 33 3 NORTHING: 2iueis s
VESSEL: RN Naney Anne EASTING: | 2T 3oy, 1Y
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SEDIMENT CORING LOG (20§ 2)
® Core Number £2~/5 core /
DATE SAMPLED: 8/5/58 CORE PENETRATION:
7. LOCATION: East Waterway - Seattle, WA CORE RECOVERY:
- TIME: % RECOVERY:
UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE); POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RN Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
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e — SEDIMENT CORING LOG

e 7 oy — Core Number _ZD -3 /cxe)

DATE SAMPLED: 8/, / 18 CORE PENETRATION: X0

LOCATION: East Waterway - Seattle. WA CORE RECOVERY: L-S -0 .3

TIME: % RECOVERY: (OS2, i

UNCORRECTED DEPTH (£T): V4.7~ 443 A4 LE] SAMPLINGMETHOD:  _MSS Vibracore

NOS WATER LEVEL (TiDE): +5.5  +54% 2421 pOSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE: Jd3F M o

ACOE WATER LEVEL (TIDE): +e oo LONGITUDE: 122 2o 42 45¢C

WATER DEPTHACOEMLLW: ~ 3 &1 - 38.7 ~RP~F STE T NORTHING: 240532

VESSEL: RV Nancy Anne EASTING: 12 L3L%%, 26

SAMPLED BY: SAIC/Hemera/MSS WEATHER: Jormr . 35°F Cpfaa
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o a1 = Core Number _E[)-( cocel
DATE SAMPLED. K/Z/ﬂ? CORE PENETRATION: 1235 tresn)
LOCATION: East Walerway - Seattie. WA CORE RECOVERY: 1 Z. EE AN Y
TIME 044+ % RECOVERY: a2,
UNCORRECTED DEPTH (-FT): -44 g SAMPLING METHOD:  _MSS Vibracare
NOS WATER LEVEL (TIDE): (. FOSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+09 LATITUDE: 43 M 2L HT
ACOE WATER LEVEL (TIDE): 1.2 LONGITUDE: \ZL 23 4o QYL
WATER DEPTH ACOE MLLW: - 41.3 NORTHING: 213381 .32
VESSEL: R/ Nancy Arne EASTING: [L6F 381 Yy
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Samy, ¥07F Col,
DEPTH SAMPLE DATA SERMET | T Nebay o~y (2 A L L ﬁ
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vy Wi | Core Number £ D- /4 forwe )

DATE SAMPLED: £ -3-9¢ CORE PENETRATION:

LOCATION: East Waterway - Seattle. WA CORE RECOVERY:

TIME: % RECOVERY:

UNCORRECTED DEPTH (-FT): SAMPLING METHOD;  _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE:

ACOE WATER LEVEL (TIDE). LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RA/ Nancy Anne EASTING:

SAMPLED BY: SAIC/Herrera/MSS WEATHER:

SEDIMENT
DEPTH SAMPLE DATA TYPE
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SEDIMENT CORING LOG

ED - 1¢#)
i

.’ A W | s
— 7 .y | s " Y,
r— /a1 A =2 Core Number =) -{4 owe 2 0
DATE SAMPLED: %/ 5/ 95 CORE PENETRATION: é?ﬁ e_-—.t ‘E{'g
LOCATION: East Waterway - Seattie. WA CORE RECOVERY: Y2~ 4.4 g
TIME: O44% % RECOVERY: P 127, 2.
UNCORRECTED DEPTH (-FT): — W55 SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): < POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: q3 M 794. L34
ACOE WATER LEVEL (TIDE); 7.1 LONGITUDE: [YZ 22 40, 94
WATER DEPTH ACOE MLLW: ~ 43, NORTHING: 233%F U
VESSEL: RV Nancy Anne EASTING: 124383
SAMPLED BY: SAIC/Hemera/MSS WEATHER:
SEDIMENT - Ty P 5 ¢

DEPTH SAMPLE DATA TYPE 576 e ob- 57 e l"?"‘t
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= er— SEDIMENT CORING LOG / (w{) P
. / " ¥ ]| N 4
/b 1L — Core Number EDN-{F (o) L
DATE SAMPLED: g/ 3/9§ CORE PENETRATION: (2.5
LOCATION: East Waterway - Seattie. WA CORE RECOVERY: o4 - 72 — &2
TIME: [35C % RECOVERY: 5%
UNCORRECTED DEPTH (-FT}): -5Z SAMPLING METHOD:  _MSS Vibracare
NOS WATER LEVEL (TIDE): 31 POSITIONING METHOD: _DGPS ‘ _
NOS TO ACOE LEVEL CORRECTION: _+0.9 ‘ LATITUDE: Y3 734 282
ACOE WATER LEVEL (TIDE): 9.1 LONGITUDE: [2Y %0 40, St
WATER DEPTH ACOE MLLW: HJ3 Y ‘ NORTHING: 212839 .1
VESSEL: ‘ ~ - _RM Nancy Anne EASTING: . 1234 b. 46
SAMPLED BY: SAIC/HerreraiMSS WEATHER: Svan, - K0°F  coly
A
‘ _ _ ende, €S kg  NE
SEDIMENT 5T - -
DEPTH SAMPLE DATA TYPE w2t o= 3.8 0.1~ Pung
3.9 -~ 2. 17
- i -
38 | 2 2 & @
23 | & =2, |8
FZ | 33| WRLE 4o | 8| 2
$= | £ | NUMBER Z | B |8 | & LITHOLOGY OBSERVATIONS
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ey — SEDIMENT CORING LOG (e
e i i ' ~ Core Number £D -7 (lr, e #1)
DATE SAMPLED: R 3-7F CORE PENETRATION:
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 5._5
TIME: (</ 7 % RECOVERY:
UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE}: ‘ POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 : LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL. ' RN Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
o] >
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Ty — SEDIMENT CORING LOG | ...
By / . % ¢ e o
V7 amk 1L = O Core Number EQ-’:’— Shr #1)
' -
DATE SAMPLED: 2 / 3 /’1? CORE PENETRATION: ©.§
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 59
TIME: 1414 % RECOVERY: 91 7
UNCORRECTED DEPTH (-FT): 532 .4 SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): <. 3+ POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: +09 LATITUDE: HI3H 4. 7Yy
ACOE WATER LEVEL (TIDE): 4. LONGITUDE: AL 4O L el
WATER DEPTH ACOE MLLW- W3 < NGRTHING: 2LI3¥4S S
VESSEL: RA Nancy Anne EASTING: |29,y
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
DEPTH SAMPLE DATA SERE A
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= — SEDIMENT CORING LOG (4"
by Ao | Core Number ED-Z1 (¢®!) B
DATE SAMPLED; s[5/ a5 CORE PENETRATION: 12.5
LOCATION: East Waterway - Seattle, WA~ CORE RECOVERY: .9 =-© Z 2 [ F
TIME; DELY % RECOVERY: 452,
UNCORRECTED DEPTH (-FT). — e Y SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): 0.4 " POSITIONING METHOD: _DGPS ‘
NOS TO ACOE LEVEL CORRECTION: +0.3 LATITUDE: 43 3 T3 . ¥°
ACOE WATER LEVEL (TIDE): w13 LONGITUDE: 2t 1% 73413
WATER DEPTH ACOE MLLW: ~ 431 NORTHING: 213385 3
VESSEL: RNV Nancy Anne EASTING: 12etS 6. Lk
SAMPLED BY: ‘SAICiHemera/MSS WEATHER: Cfﬂam { A O™F
ol
DEPTH SAMPLE DATA SERNPE ”‘\—Cw_ neve cod of -o 2 coprefed S fy
) ' Sanid (0 nes
LE NN 2 & o "= 22" q3q_2+ (19 |
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e aw— SEDIMENT CORING LOG (pasaz)
Ny / — ¥ ! e T it 4
Y Wi Sawo Core Number _ED =) #/ P2
DATE SAMPLED: B ~ S"-"Tg’ ' CORE PENETRATION: (2.5
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: (L,
TIME: : o %Y % RECOVERY: 95
UNCORRECTED DEPTH (-FT): . SAMPLING METHOD: MSS Vibracare
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE); ' LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: R/ Nancy Anne EASTING:
SAMPLED BY: SAICHsrrera/MSS WEATHER:
' SEDIMENT
DEPTH SAMPLE DATA TYPE
b
28 | 2 2| E 7
€2 182 e | § |3 | 3 3 ' -
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reir — SEDIMENT CORING LOG
e Core Number ED-2{ (eorme)
DATE SAMPLED: 8 /%"/q g CORE PENETRATION: é o
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 2.8
TIME: s % RECOVERY: 4377
UNCORRECTED DEPTH (-FT); = J35. 3 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 10 5 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: g2 M 33373
ACOE WATER LEVEL (TIDE): +1¥ - LONGITUDE: 172 Lo 32 A44M
WATER DEPTH ACOE MLLW: - 43.9 NORTHING: 213337 b
VESSEL: RAV Naney Anne EASTING: (7353133
SAMPLED BY: SAIC/Herrera/MSS WEATHER: PC. Soamy, LSPE Cala
winde €5 kurks /51
DEPTH SAMPLE DATA S| 28" <33 o
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e — SEDIMENT CORING LOG
r— /a1 4 - 2 . Core Number _ED-21 (wre 3)
ra ’
| DATE samPLED: ' §/5/4¢% CORE PENETRATION: b O ,
. LOCATION: . East Waterway - Seattle. WA CORE RECOVERY: Yy -2 = 43
© TIME: i{35” % RECOVERY: 357,
UNCORRECTED DEPTH (-FT): - Jy.lp SAMPLING METHOD: _MSS Vibracare
NOS WATER LEVEL (TIDE): +0.4 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE: yF 34 33,305
ACOE WATER LEVEL (TIDE): +.58 . LONGITUDE: 21 20 38, olde
WATER DEPTH ACOE MLLW: - 2.8 __ NORTHING: 213333 . 2y
VESSEL: ‘ ‘ RA Nancy Anne EASTING: 1264589 43 _
SAMPLED BY: SAICMerreraiMSS WEATHER: o, wids Sus
' Kned® 307F  Fung
DEPTH SAMPLE DATA SEDMENT | ¢ . 2f | K ot ol Shoo -0.2.
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SEDIMENT CORING LOG
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T AN o | Core Number _£D - 2% (wet) @V

DATE SAMPLED: § / £°/‘? '8 CORE PENETRATION: {z.o '
| LOCATION: East Waterway - Seattle, WA CORE RECOVERY: [O.F -0.0 » |0k

| TME: NE273 -083} % RECOVERY: qeo Z

UNCORRECTED DEPTH (-FT): - 510 . SAMPLING METHOD: MSS Vibracore

NOS WATER LEVEL (TIDE): r ¥.4 POSITIONING METHOD: _OGPS .

NOS TO ACOE LEVEL CORRECTION: _-0.9 LATITUDE; W3 34 do. Rk

ACOE WATER LEVEL (TIDE): +9.3 LONGITUDE: (22 2o 33.33)

WATER DEPTH ACOE MLLW: ~ 411 NORTHING: 244486 42

VESSEL: RA Nancy Anne EASTING. 2 bFoHs. 23

SAMPLED BY: SAIC/Hemera/MSS WEATHER: PL, Summ bITE  wobtds

‘ V/ﬁ"" S-r1ob b
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SEDIMENT CORING LOG
Core Number £p -12 (aow.l)da o)

DATE SAMPLED: CORE PENETRATION.
LOCATION: East Waterway - Seattle, WA CORE RECOVERY:
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UNCORRECTEOQO DEPTH (-FT): SAMPLING METHOD: MSS$ Vibracore
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NOS TOACOE LEVEL CORRECTION: _+0.9 LATITUDE:
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DATE SAMPLED:

SEDIMENT CORING LOG
Core Number F) =23 (“%¢

glio/g

CORE PENETRATION:

®

/s

“L LOCATION: East Waterway - Seattie. WA CORE RECOVERY: 3 YA
. TIME: 04173 % RECOVERY: b 2
UNCORRECTED DEPTH (-FT): -44q A SAMPLING METHOD: MSS Vibracore
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WATER DEPTHACOE MLLW: - 422 NORTHING: . 2,144 35,90
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=== SEDIMENT CORING LOG
T AN o Core Number _ED =23 (<3°)
DATE SAMPLED: 5/ /10/ g CORE PENETRATION: g O
LOCATIO‘N: East Waterway - Seaitite. WA CORE RECOVERY: g, §'
TIME: ‘ 043§ % RECOVERY: 357,
UNCORRECTED DEPTH (-FT); -4+ 94 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): b POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Uy 2y o, §2(
ACOE WATER LEVEL (TIDE}:. 31 LONGITUDE: (22 _3b 33 392
WATER DEPTH ACOE MLLW: Yo .8 NORTHING: 2(4413} F
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E—. - — SEDIMENT CORING LOG  (**
bl o Core Number &5-30 €ore /)
DATE SAMPLED: CORE PENETRATION:
LOCATION: East Waterway - Seaittle, WA CORE RECOVERY:
TIME: % RECOVERY:
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RN Nancy Anne EASTING:
SAMPLED BY: SAICHerrera/MSS WEATHER:
SEDIMENT |
DEPTH SAMPLE DATA TYPE
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TIME:

DATE SAMPLED:

UNCORRECTED DEPTH (-FT):
NOS WATER LEVEL (TIDE):

SEDIMENT CORING LOG

Core Number

(pege 3

£D 20 f@[q_ \)
CORE PENETRATION:

East Waterway -

Seatlle. WA CORE RECOVERY:

% RECOVERY:

SAMPLING METHOD: MSS Vibracore

POSITIONING METHOD: _DGPS

DIVI4QEASTWATERWANCORELCG.DSF 714558

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: R/ MNancy Anne EASTING:
SAMPLED BY: SAIC/HerreratMSS WEATHER:
SEDIMENT
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r /a2 Core Number =D - 3® (we=)

DATE SAMPLED: I / 2o / 95 CORE PENETRATION: b.e

LOCATION: East Waterway - Seattle. WA CORE RECOVERY: ‘5 R ?'

TIME: 1y13 % RECOVERY: 46 7.

UNCORRECTED DEPTH (-FT): 4 Y @ SAMPLING METHOD: MSS Vibracore

NOS WATER LEVEL (TIDE): L.l POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE; Y 23 I} 126

ACOE WATER LEVEL (TIDE): 1.¢ LONGITUDE: \V2 2o 6. 513

WATER DEPTH ACOE MLLW: 128 .« NORTHING: 219 1932.1°

VESSEL: RN Nancy Anne EASTING: | 43397. 28

SAMPLED 8Y: SAIC/Herrera/MSS WEATHER: ' Sy g (alan, PC.
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SEDIMENT CORING LOG (D
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DATE SAMPLED: itk CORE PENETRATION: /2.5
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: 1.5
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UNCORRECTED DEPTH {-FT): — a4 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE). g.1 POSITIONING METHOD: _DGPS _
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EXER - S R — -
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y — /i i 2 Core Number €9 24 (coneld

DATE SAMPLED: g- Y -98 CORE PENETRATION:

LOCATION: East Waterway - Seattle, WA CORE RECOVERY:

TIME: % RECOVERY:;

UNCORRECTED DEPTH (-FT): SAMPLING METHOD: - _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RV Nancy Anne EASTING:

SAMPLED BY: SAIC/HerreralMSS WEATHER:
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W Core Number £D-24 (s 2)

DATE SAMPLED: %-4-9¢ CORE PENETRATION: A

LOCATION: East Waterway - Seattie. WA CORE RECOVERY: #.!

TIME: {H44b % RECOVERY: 6€/

UNCORRECTED DEPTH (-FT); -5 SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): % 9 POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: 47 a¢ 30F39

ACOE WATER LEVEL (TIDE): 9. % LONGITUDE: j22 O 36, F9 %

WATER DEPTH ACOE MLLW: H4S, 2L NORTHING: 2134254
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SEDIMENT CORING LOG
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LOCATION: East Waterway - Seattle, WA CORE RECQOVERY: 2 3C oL - T Ehy
TIME: 13575 % RECOVERY: Yo -
UNCORREGTED DEPTH (-FT): =51 % SAMPLING METHOD: . _MSS Vibracore
NOS WATER LEVEL (TIDE): + 0.5 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.3 LATITUDE: Y43 4 390 w3
ACOE WATER LEVEL (TIDE): e LONGITUDE: 72 10 i, b
WATER DEPTH ACOE MLLW: ~43& NORTHING: 213463 .94
VESSEL: RA/ Nancy Anne EASTING: 17 o Hots 3. 0
SAMPLED BY: SAICHerrera/MSS WEATHER: _ {uam ide o 5 - 1DEa A
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DEPTH SAMPLE DATA SEORENT | 3a 335 e Xt simethhg @ 27 4
E§ ; B = | . LS -3.%¥) = Z.4) Maﬁmf ) f'zlzdj 2l Surfee (K
il =} < i} i ! li
2 & uee | B O g Cacutnoe =00 Al !:Lq‘f:f:j*fa botfen
£2 | 22| NMeer | 2 | @ 5 LITHOLOGY > Cestrusmions — Fte |

([’

Dot of Sascabed core sz‘o-ﬁ‘:)

REVIEWED BY:
DIVDAMOEASTWATERWATICORELOG.DSF 772458

page _lor/




- " = T

SEDIMENT CORING LOG ¢

a7 A w/ sl -—
Y kL ) Core Number D -3k fcore ()
DATE SAMPLED: g/13/4% CORE PENETRATION: _ &5 BN
LOCATION: East Waterway - Seatlte, WA CORE RECOVERY: - /7 3 -6.L - [/TA _ :
TIME: 1507 % RECOVERY: T
UNCORRECTED DEPTH (-FT): 584 SAMPLING METHOD: - _MSS Vibracore
NOS WATER LEVEL (TIDE): 3.1 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: 43 W 18y 3
ACOE WATER LEVEL (TIDE): {14.0 - LONGITUDE: (22 29 3b.LeY
WATER DEPTH ACOE MLLW: 79.9 NORTHING: 2idlod . 2%
VESSEL: RN Nancy Anne EASTING: | 2+ 19 ol
SAMPLED BY: SAIC/Herrera/MSS WEATHER: ' Sy (oo IT§0°F
_ wieds N 5 -(D fFeod
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DATE SAMPLED: %13 -7¢ CORE PENETRATION: 20.%
"LOCATION: East Waterway - Seattla. WA CORE RECOVERY: f?' 5
TIME: (&L % RECOVERY: 96,7
UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RV Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEFTH SAMPLE DATA TYPE
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yr—— a1k~ 2 Core Number EP -3¢ ()

DATE SAMPLED: L -1 -7 CORE PENETRATION: 20.5"

LOCATION: East Waterway - Seattle, WA CORE RECOVERY: /9. 5

TIME: i §73'L % RECOVERY: vl

UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RA Nancy Anne EASTING:

SAMPLED BY: SAIC/Herrera/MSS WEATHER:

DEPTH SAMPLE DATA SEQIENT

28 | 2 2| E o

2 122 s | Z |8 | gl

83 |34 wmem |2 213 ; LTHOLOGY OBSERVATIONS
- 1z 9g009 M SILT ad SAND  (as abewd
- (tonp. 3/ =0
- 20 D) |
P ) | e -
— _— — — — =
: / 1 \—‘. I >l [ Qvlf(nLOZ) .
- MLy SILT wth some VT Sand, ccairiny
- as inderbeds in Silt yany Fire. Vo me
G, i i | Missr pladl maderid and hod dabris,
:_‘- .D“ft’-gﬂ-Jﬁ: wﬂ&a*kj'—‘ﬁ—
» |
- \
C
s
t \
L
: D — I
:—:VTG Sj[_:r (as q\,,ow.)) bud= wily  Jess Sd-a&)aau;u ff‘;“'r
- ML eslory - i samdl (F77) ) veny Fne mosty,
~ v 164 Sowa. smasl shlls. Vaw Frm, Dark hrmum - g
- 55753 e Y-
o \.\?fr
—_-/5 {7 {
- A\l 193
E AN /
= | ‘“"X;{J
——/B’(S —7 < } ~LM§M fo [poifem /Jg Core at’ H‘? &Jﬂb \I/
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— Eew BN
N AN Gwyo Core Number _ED -3f (v 2)
DATE SAMPLED: g/ i?'/ A5 CORE PENETRATION: w.©
LOCATION: Ea_st Waterway - Seattle. WA CORE RECOVERY: 0T
TIME: 1152~ % RECOVERY: {oo7,
UNCORREGTED DEPTH (-FT): 47.9 SAMPLING METHOD: - _MSS Vibracore
NOS WATER LEVEL (TIDE): 3 & POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORREGTION: +0.9 LATITUDE: 41 M 443
ACOE WATER LEVEL (TIDE): + 8¢ LONGITUDE: {(Lz 20 2435
WATER DEPTH ACOE MLLW: 344 NORTHING: 214wi2. Lo
VESSEL: RNV Nancy Anne EASTING: 123+ 3.5 6
SAMPLED BY: SAIC/Herrera/MS5 WEATHER: §srng - Clea— 10-157F
wibd s “J W S_bbd:]
DEPTH SAMPLE DATA SETE j( Lt h 4’
o g -0 7— =(.o _ ~
§§ %g SNPLE g s | é - Choonm pized- o ddcudec!
-— l;l (&) [&] .
B2 3 e z | &8 | 8| & LITHOLOGY i OBSERVATIONS
L ob .
- Weesy UL (6 +o 40 fea):
L w - . )
. g:zﬁg L SILT and CLAY  (prelosdy wmosiy Sith)
- with hace vf W) Crmen vitrr pLa-Jf‘ dalovis
:_ ] \ 0—0\-& M&\CWM}‘SI So‘?‘t k)QT-, Vl J—kr‘jrg,
N U= zovo (undear ;£ eperafiyg proped)
-2 \\
:— 3 /
- Bethom  fere)
—5
6
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== SEDIMENT CORING LOG  (/.42)
/| S— Core Number Zp - (wrel)
DATE SAMPLED. 2 -2 -9& CORE PENETRATION: {20
LOCATION: East Waterway - Seatlle. WA CORE RECOVERY: 12,2 - 0,2 = 1.0
TIME: 1O & % RECOVERY: oo
UNCORRECTED DEPTH (-FT): 2. > ' SAMPLING METHOD: ©  _MSS Vibracore
NOS WATER LEVEL (TIDE}: -0 % POSITIONING METHOD: _DGPS _
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE; 47 24 4%.372
ACOE WATER LEVEL (TIDE): T O LONGITUDE; jrL2. 20 36,5 <R
WATER DEPTH ACOE MLLW: 42, ! NORTHING: Z{S263, 41
VESSEL: RV Nancy Anne EASTING: [2¢FZ2(9. 26
SAMPLED BY: SAIC/HerreratMSS WEATHER: olegvr  sunnw 60-65°F
winds A & Enofg
SEDIMENT
MPI gt = |, /|
DEPTH SAMPLE DATA TVPE 21 (78 " A€ nose B2
g X - 115 = jLt
Bg 2 g il g I3 A 1.7 .
g“:’ 4z | saMPLE & g |g|¢g
&3 | £3 | NUMBER z | & | 8| & LITHOLOGY OBSERVATIONS
- 8 Iy ML | SILT ank CLAY, wi Fh tace fine Sand ) very snhy,
: CL Ve,rts 5&%1'/ m&r) sheen on U».\d,‘\‘e'r Sur‘\:&cz) )
- Sh'mﬁ HeS odec, o s<ible pd-rafeum o dovw ¢
-
}2 (25-3 o) fibev , cootlets
- This 3oe Totmims a lotTef hwar Sl 4
= ‘ C\&\L a _S'h'U\’Lj ?P_'\TD\GUM OEW)' b(‘ﬂdt' s “"e'tl SD‘FT)
E ‘ ')i\% . 3\'\.€tn on L:Ja'w g
- | cl W Na = 10 ppm
-3 T L
e (34— — — —_— T T
- ML TSI Dirh Clay ank some To Saxk, fire, sticky,
- \j { vexyy davk gray browa to black
F—4 / - A by} v gray byDmx .
u L{go;;; el CLaY , shiff, molldble, easiy colfed into thin
- o ; .
- ?’;\-E\& ‘I“i’i) ‘ 3‘{1‘.‘(\52(5} mo:sT'/ cl.tm.k’— e live: ﬂ(‘a.lv, ne 01{01"
- | | Y-g’ = hcmwg,z—nwu s fewfure
C
— 5
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DIVOMDEASTWATERWANCORELOG BSF 7724598

E .7 —J SEDIMENT CORING LOG | "
- — Core Number @-~38( caer) (z o 7/)
DATE SAMPLED: CORE PENETRATION:
LOCATION: Easl Waterway - Seattle, WA CORE RECOVERY:
TIME: % RECOVERY:
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION; _+0.9 LATITUDE.
ACOE WATER LEVEL (TIDE): LONGITUDE:;
WATER DEPTH ACOE MLLWY: NORTHING:
VESSEL: RNV Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
o | sepmenT
DEPTH SAMPLE DATA TYPE
2B |z 2| X @
3z | &5 SAMPLE % 2 lgl8
3 |34 wmer (2 | & 3 | 2
w fid = n LITHOLOGY OBSERVATIONS
E
n IBonz cL ;
E ’ f_,q% g aboe.
— 8 c/ L, ¥l
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SEDIMENT CORING LOG
Core Number ED-38 (wmz)

DIVOLAREASTWATERWANCORELCG.OSF 772488

DATE SAMPLED: ?/ 2:f4¢ CORE PENETRATION: _(75

LOCATION: East Watarway - Seatile, WA CORE RECOVERY: 5.3+

TIME: _OFIG % RECOVERY: §F 7.

UNCORRECTED DEPTH (-FT): Yy, & SAMPLING METHOD: MSS Vibracore

NOS WATER LEVEL (TIDE): Z POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: HY J1 48, 133

ACOE WATER LEVEL (TIDE): 2.1 LONGITUDE: 23 1 3¢ SFC

WATER DEPTH ACOE MLLW: di{.5 NORTHING: 21326/ L3

VESSEL: RN Nancy Anne EASTING: [ Tle¥H +.31

SAMPLED BY: SAIC/Herrera/MSS WEATHER: Moy clew  §any, S5-Lre

_oxlem, (gt —ids W < Tht3
OEPTH SAMPLE DATA SECUMENT " L 0.8 §87. Ly "= 267
" wa —

28 | 2 2| E " LS-0%>~51 é( dm‘- 4 3%

83 |2z e | E|3 |8 2

g2 | 82| nmeer | Z | 2 | 2|5 UTHOLOGY OBSERVATIONS
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- e
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n S72T ik [T of  reedle (il ¥ fri conody
: il back 7
F 'S, very SOf , s, Sﬁcﬂ«j Cleo~S
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~ g 3,2
- J” me | ST MJ c/a.;, w(ﬂ\. bece 5@_9»:[, ;/er'y 56]5?
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... / A W | By
Y / N | ey

r— /bt 1A= 2
DATE SAMPLED:
LOCATION:

TIME:

NOS WATER LEVEL (TIDE}):

ACOE WATER LEVEL (TIDE):

VESSEL:
SAMPLED BY:

UNCORRECTED DEPTH (-FT}.
NOS TO ACOE LEVEL CORRECTION:

WATER DEPTH ACOE MLLW:

SEDIMENT CORING LOG  (peer)
Core Number _ED -29 (wu1)

g2 -9¢ CORE PENETRATION: j2.C
_East Walerway - Seattie. WA CORE RECOVERY: L4 -2 72
023 % RECOVERY: <
9.7 SAMPLING METHOD:  _MSS Vibracoe
%, POSITIONING METHOD: _DGPS
+0.9 LATITUDE: Y4 F ¢ 5L0F3
2.9 LONGITUDE: )22 20 36,443
H4O, 2 NORTHING: 215534, 52
RA/ Nancy Anne EASTING: 126 F23¢ 53
SAIC HereraMSS WEATHER: Sunoy clesr 707 Calw

__M o A S-% fncle

DEPTH - SAMPLE DATA T SE%TF‘ENT 30" = 2.5 L Ry 2% now 02"
g§ ; - > . 13q-2.9 =4
22 82 | oz |G |5 | |2
£2 |82 nMer | 2 (B S| F LITHOLOGY OBSERVATIONS
T 480071% M}— o~ 1.5 F+_): La'ajkf v Ak.tjr-l—j G layers)
g Ty SILT ard CLAY{ wh Seme phat ddbris,
L) | ,9055\5\7 A litle mash <ot wet,
1
- )
(I5-3.2 t8):  Dark g ray SILT with sowme
ML Very 'F\‘N— Sand ank ab undant
2 —‘ plank waaderial (stoumay-fike mostiy)
‘N fa\yefs, Ffrm. Qm:mﬂ-ﬂ)

Sos fe

\

ey .
. CE NS 0 O N —

(3.2-74 ). Dark gray SILT Lith traee
very Fire Sand whidh decreases Loonward.
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YT 3% N\L Lﬂn‘\l‘f\!&d) ’Y‘iSS”e/ doa o abun&.a-ﬁt
4 (eorrp. v/ ' P[A_‘d— debynis (u?m..-}-u(/u&}\pw\nhh) in ﬂu,(ers .
ED'.‘;a“) “tra v a‘y
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S SEDIMENT CORING LOG (,....>
el K o Core Number £D-29 (ene i
DATE SAMPLED: B-{z-9¢ CORE PENETRATION: (2,0
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: Jf,2
TIME: 1638 % RECOVERY: 45 7
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: =~ _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RN Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
£z < & @
é“:’ 8= | sawpLe Z 8 |ag g
2382 | nmer | 2 33|35 LITHOLOGY OBSERVATIONS
L [
L qgo ¢ 80 3 SiLT é’& ¥ O—- (3.2 n 1Y £
N (comp oy M
- £D-53 #1)
A7
e g™
- -7 -
- t (7.4 o Ceat)
- M}L =8 Daric { sl boensh) §Yay ST and. CLAY
A5 il with mhe gdr Sdms, Basdy Firm, Noxt:
- N%tﬂ
4
W | — (. : —
- l
- i ML Mbmvn-jmaj SiLT jrl-ﬂ4_7 M%SA—N‘;
- | pterbesdal ol feminaddd, 7 Sad 1 o A
- ’ Fie. A bt o plnt/wsrd Jobns, Fifydnse,
- ' (Brtrm of) o)
- Mo archive “2° Sample due T it sneml
- Woihm.,&ﬂ‘ﬁ“‘ﬁmmw%
P/G’ “/ Ll Shndgs.
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reas— SEDIMENT CORING LOG
N /. ¥ | e 7
V- Core Number ~39 (ever)
DATE SAMPLED: 2 / ) L/'T ¥ CORE PENETRATION: &.©
LOCATION: East Waterway - Seatile. WA CORE RECOVERY: L.t -0L=Y9
TIME: A4 % RECOVERY: (222
UNCORRECTED DEPTH (-FT): 50.9 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): +9 9 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Y3 34 59,051
ACOE WATER LEVEL (TIDE): i LONGITUDE: h—'l—_ } © Dlo.«],
WATER DEPTH ACOE MLLW: Lo ~ NORTHING: 2ISS3L Y P
VESSEL: RN Nancy Anne EASTING: {LbdFso. &Y
SAMPLED BY: SAIC/Hemera/MSS WEATHER: Sunim (leg~ 65-32F
Co va;
DEPTH SAMPLE DATA / SE%“JE"T_‘ T A Cotoff nore 0.2 °
38 | 3 < | Ql o
33 1 22 numeer z2 /225 LITHOLOGY OBSERVATIONS
€00 [ B . .
C (Zr ?3;/ ml’ CO'{'U/ i Qb‘ S/LT (,-Jl+£\ Soma C,Lﬂ-\.jj
C ' . Soweshed
- ED-3%u1) D—&n trace _U'F Sa_.,ﬁ) T e PM
— T ! ]I"fH’ Gy band ), §o§}f‘; wﬂ;
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L l T
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- (2.5 + 4o W ST wts il vr
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E “ j boe T pla ydavid i lo»faf‘s « Fim. '
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SEDIMENT CORING LOG (Pege)d

DNVOMEASTWATERWANCORELOGLDSF 772488

Core Number ~HO [wove t)

DATE SAMPLED: g/1/9% CORE PENETRATION: 2.2

LOCATION: East Waterway - Seatile, WA CORE RECOVERY: iy -o8.2 - |0.9

TIME: d s % RECOVERY: 4/ 7.

UNCORRECTED DEPTH (-FT): Yy.3 SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): to¢ POSITIONING METHOD: _DGPS _

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: qY 34§ L

ACOE WATER LEVEL (TIDE): + 1T LONGITUDE: |2 o Jb, 3%

WATER DEFTH ACOE MLLW: —~die NORTHING: 2 lokl. 29

VESSEL: RAV Nancy Anne EASTING: i 2L13S0. 4L

SAMPLED BY: SAICHerrera/MSS WEATHER: Queny, PO In®g wid

w5 -te
DEPTH SAMPLE DATA | 347 287 ¥ Cidnll mrse =217
5> 38 . 2.5 < Hu

3|2 2| § 2

23 1Sz | owe £ S | 8| @

23 | 33| nmver (2 2| B % LITHOLOGY OBSERVATIONS
- W00Ts " ©+e24 0 Dk groy SMR; SILT widhe
~ (‘”'"P"D/ l\-’f{k Sra-v-'i (‘-? 1= f. S'M&u ﬁ:uﬁﬂs&) uwi&%ﬂ
- ED-Yom2) Oppencoves. /{2t ik, Fva=7m53 F s (oomb i
__1 J Laa.l_)o«l P‘Qﬁ-d- A—ﬁ}l"ﬂ Pfsq,:f Wm_ '{'\-\hjo
- Saad is vf 42 maliva, Sg?‘\r e Fren,
} 2
:_-: — 2_,4_'; (S'wa Lmd'l:j)
C Dark (cwqﬂr Q\M ﬁML SAAD,
n P “? e )
- Mccqw Adoww T2 o webiue sand af
L “J/ 3L —-‘(3.&) MWC’&M M.ybe, Sowa_ Coarse S’-‘iftc,
= | qeen e e
4 (shanp com contngt)
- (temp o/ L —
- €)-55m) Mé/ VQ,:? Sank 50.1 SICT and CLAY
- ] ' 20 plact deloms,
E Rct(?)aw fn 5!11‘ at qbrnit G- s.s“Pf-
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- / Laminstell .« Frm ‘E}“' s
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SEDIMENT CORING LOG (P9®
Core Number £D -40 ()

DATE SAMPLED: gl -9¢ CORE PENETRATION: (2,0

LOCATION: East Waterway - Seaitle, WA CORE RECOVERY: lf)ﬁ :

TIME: % RECOVERY: q{~

UNCORRECTED DEPTH (+T): SAMPLING METHOD:  _MSS Vibracore

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS.

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:

WATER DEPTH ACOE MLLW: NORTHING:

VESSEL: RN Nancy Anne EASTING:

SAMPLED BY: SAICMHermera/MSS WEATHER.:

! ‘ SEDIMENT
DEPTH SAMPLE DATA PE
Z | & 9
é‘% %2 SAMPLE z 8 | a % _
32 3 wem 2 E ‘ 25 LITHOLOGY OBSERVATIONS
Z I

E CIgOD?é—‘ M SILT sl TLAY CS.R-L pogs 1)
- (w“f ‘;/ CJ
~ EY-55#1)
- | ‘ (1) — L (‘-’"’j 3m-\aﬂrv~0-® —
N ( ML SfLT s it /.H{L,SrH" Jncrmsr?j Aomusml
:l 4 ’ DO rene Flau.}r éa,\ow_s Mﬁ. §m+ﬁd\dhﬂ“¢)
- ‘ \1/ shels (oc«iﬂj Comawon, (Overth conrsar Jouind
E e for fnkpad oF 4 Pt ow 05 0
[ [k I o
P
- o ‘
N Strped 1 3
=4 (D 0.0 — — 9wl
C S oy Tre 1o Fine SH® with Some sitF,
E . D"‘"f”j"":j DM SI“' (3 A/ml‘naj'fgb
n v L n M
[

=

TTTETTTT]

!

£ —

N\ oq

G A o) T

DIVOMOEASTWATERWANCORELOG. DSF 772438
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SEDIMENT CORING LOG _

Core Number £0-4b (¢¥~2]

.| DATE SAMPLED: 5 (Z/ag CORE PENETRATION: b <
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: T -2 L= 84
TIME: 08\} % RECOVERY: 937
UNCORRECTED DEPTH (-FT): -S4 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE); ~q - POSITIONING METHOD: _DGPS '
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: gy )Y Se.l s~
ACOE WATER LEVEL (TIDE): 109 LONGITUDE: A\ 9o Bl 43
WATER DEPTH ACOE MLLW: - YU Y NORTHING: 2l eSS 2 16
VESSEL: RN Nancy Anne EASTING: |264343. 3=
SAMPLED BY: SAIC/Herrera/MSS WEATHER: '  Shtun Clear @S'F
Colm | 1L wiind < Llnitn
W o
DEFTH SAMPLE DATA SERMEN L s o *(r NE nowm. ~O 2
28 | 2 5] o] @ ¥ Shomy prheliay odu fon b,
83 |2z | swie | E| 3 g % Sas fire. oquloe 5 11 Shoe = Samd bl2et
BBI3E| wewr |22 3|3 UTHOLOGY 402 OBSERVATIONS
- ) MH (€ <21 F): \/“"‘(7 dar- grey, SILT st Fewa
- S amdl, (v-F-u-uQ; ol troce. 8‘1’4.1\/2@ <'-p+u /] 'm&),
- Worms reas Tbr é‘\: ce=e (-h"P LS wmcdas . S~Ft
E_ 1 (] HNw = ,é)
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: LP| eyl gray, Finto 0 SAND sty fio)
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: A l N k 0, 1 :
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DIVBMOEASTWATERWAY\CORELOG.DSF 772498

—_——— p

=it — SEDIMENT CORING LOG (.pey:!)

andd NN Core Number _Ep-A! [cerer)

DATE SAMPLED: / I / 45 CORE PENETRATION: (2.9

LOCATION: East Waterway - Seattle. WA CORE RECQOVERY: (1 G002 « 12.F

TIME: Al % RECOVERY: (oo 7o

UNCORRECTED DEPTH (-FT): 42 3 SAMPLING METHOD: . _MSS Vibracors

NOS WATER LEVEL (TIDE): 0.4 POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: ‘43 29 59.944

ACOE WATER LEVEL (TIDE): +1.3 LONGITUDE: 17+ 1o Jip Hie

WATER DEPTH ACOE MLLW: 47 ¢ NORTHING: 21133 9

VESSEL: RA/ Nancy Anne EASTING: 12L4352.3%

SAMPLED BY: SAICHerrera/MSS WEATHER: Wivels & S~ FD™
| Svmny, BL,

DEPTH SAMPLE DATA SEE '

X Z & 7

B2 3z gwe £ 3 | 8|8

82 | 34| mvem (2| 2 B |3 LITHOLOGY OBSERVATIONS
- Agoc? - . (o-15 ) 3T woth 1 saude o
- Cemmg: "/ ML e aﬂ.\fb\ ('-‘?“LD 6.3 fhc\u) sa.d e v€n7
- EOPY | -F\Vu_ ) "‘q:Dluu., §e %fu m s
- *F'Z'JS) V‘h[/lﬂ AQA,\Z, -ﬂ 3@‘6‘," CEDQ(W &B—uh\wﬂ-fi
1 ~toith-tvace
- e — e —
- 15— —ls-v. aFf)
= ML Yk Olive- gy ray clean SLLT., Firm,
—2 —oita +yxce —E‘m. Sard (n & Ccl’uplﬂ—
- ]a_m,“o&' %@M&) | '”'QQ CLQ:-J,
—3 (
:4 \L —t fq‘g‘\ —_
- , ¢4 b .
L 5[806‘732" ML (40-09 F“') . |
u 1 He dork qray | Sandy SILT?
- 807 pu) Sp sl e Z ) ,
= e 3 Yoy F e fu lniag o e
- EP-Sbd# | neay ¢iF+),  Oyepth coarsens wa wark,
= S Merbebtad =cb kol R fo vy B,
- ’ ith Hore ..5“\((‘3‘\ Skﬂms(_&ﬂﬁ‘ Co,.\mja.-c{-ud-ufb
- l (WNw ® zevo)
.6 ¥
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= r— SEDIMENT CORING LOG (ree 2

AN o Core Number ED -4{ (coret)

DATE SAMPLED: &~ —1% CORE PENETRATION: [z O

LOCATION: East Waterway - Seattie, WA CORE RECOVERY: (&, 7

TIME: 1Yy % RECOVERY: [oe

UNCORRECTED DEPTH {-FT): SAMPLING METHOD: _MSS Vibracore

NOS WATER LEVEL (TIDE}: POSITIONING METHOD: _DGPS
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=T Al o Core Number £ -4/ {cxe2)

DATE SAMPLED: o / I / ay CORE PENETRATION: ©.©

LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 75}

TIME: 20 % RECOVERY: . 3272~

UNCORRECTED DEPTH (-FT): 4.0 SAMPLING METHOD:  _MSS Vibracore
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DATE SAMPLED: 8/ 13 / g€ CORE PENETRATION: (2.7 _
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 1.9 -° L=~ (2.3
TIME: ZEE % RECOVERY: fo22
UNGORRECTED DEPTH (-FT): 42, 2~ SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 0.8 POSITIONING METHOD: _DGPS
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DATE SAMPLED: &~ |7~ CORE PENETRATION: 12.5

LOCATION: East Waterway - Seattle, WA CORE RECOVERY: 12,3

TIME: 093¢ % RECOVERY: Loloy

UNCORRECTED DEPTH (FT): SAMPLING METHOD: - _MSS Vibracore

NOS WATER LEVEL (TIDE}: POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE): LONGITUDE:
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DATE SAMPLED: 37/’ 3 /‘? ¥ CORE PENETRATION: b.Y
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: L.
TIME: 0°y % RECOVERY: 007,
UNCORRECTED DEPTH (-FT}: ~42.0 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): +o. POSITICNING METHOD: _DGPS _
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Uy 5 or.yL¥
ACOE WATER LEVEL (TIDE): .2 LONGITUDE: [0 e Jud
WATER DEPTH ACOE MLLW: i | M NORTHING: 2123195 33
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DATE SAMPLED:; & / 19 /ﬁ ' CORE PENETRATION: 2= _
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: 2.5 — > )2 3
TIME: Ldd % RECOVERY: T
UNCORRECTED DEPTH (-FT): 413 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): Fl.o POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: HY 37 (o.M
ACOE WATER LEVEL (TIDE): + 1.9 LONGITUDE; \23- e 75,332
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UNCORRECTED DEPTH (-FT): SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
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WATER DEPTH ACCE MLLW: NORTHING:
VESSEL: RN\ Nancy Anne EASTING:
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DATE SAMPLED: K/ 14 / q¢ CORE PENETRATION: _ 0. @
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: L.l
TIME: 0433 % RECOVERY: [co?.
UNCORRECTED DEPTH (-FT): ~ Y7 & SAMPLING METHOD: = _MSS Vibracore
NOS WATER LEVEL (TIDE); ~9.9 POSITIONING METHOD: _DGPS .
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: yt 3\ jo 25¢
ACOE WATER LEVEL (TIDE): 0> LONGITUCE: 12> 12 3L .33
WATER DEPTH ACOE MLLW: e 0 NORTHING: 213490 Sy
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DATE SAMPLED: CORE PENETRATION:

LOCATION: East Waterway - Seatle. WA CORE RECOVERY:

TIME: % RECOVERY: :

UNCORRECTED DEPTH (-FT): SAMPLING METHQD: MSS Vibracore
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WATER DEPTH ACOE MLLW: NORTHING:

VESSEL. RA/ Nancy Anne EASTING:
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e — SEDIMENT CORING LOG
e Core Number ED -45 (cve 1)
DATE SAMPLED: g/14 / a5 CORE PENETRATION: __©-9
] LOCATION: East Waterway - Seatite. WA CORE RECOVERY: Lk 4.8
TIME: 0152 % RECOVERY: 932~  §62
UNCORRECTED DEPTH (-FT): 3¥D SAMPLING METHOD: * _MSS Vibracore
NOS WATER LEVEL (TIDE); -i.e POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: wY /5 1300
ACOE WATER LEVEL (TIOE): -9.1 LONGITUOE: [V DA 11S
WATER DEPTH ACOE MLLW: ~-5Q 3289 NORTHING: 21 F3ob. 1N
VESSEL: RNV Nancy Anre EASTING: _ [L=3398.90 -
SAMPLED BY: SAICHerrsra/MSS WEATHER: Somva, e, clos ot
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s - WN Sy Core Number 1) -4l (wret)
DATE SAMPLED: 5/5/1@ CORE PENETRATION: LS
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: o 41" -0 - 4 o .
TIME: n5g L % RECOVERY: 7S
UNCORRECTED DEPTH (FT): 48 C SAMPLING METHOD: . _MSS Vibracore
NOS WATER LEVEL (TIDE): 0.< POSITIONING METHOD: _DGPS _
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: ur M AA S A
ACOE WATER LEVEL (TIDE): 0a g .. LONGITUDE: 172 ¥ 4 98T
WATER DEPTH ACOE MLLW: 4+ | NORTHING: Ji3w%1 .59
VESSEL: RNV Nancy Anne EASTING: 12L¥342.3°¢
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Vi rrlm, 3 -30F
SEDIMENT | e ol (e wae o
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r— /a1 A 2 Core Number _ Zf1- 90 cwe 2 )
- a4 -
DATE SAMPLED: 3/ { 4¢ CORE PENETRATION: L - _
LOCATION: East Waterwav - Seattle, WA CORE RECOVERY: a X o2 L.
TIME: | by % RECOVERY: IH2
UNCORRECTED DEPTH (-FT): Wa N SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDEY; - 0.1 POSITIONING METHOD: _DGPS
: 47 394 c.qiL
NOS TO ACOE LEVEL CORRECTION: _+09 LATITUDE: 4F 9 “° g
ACOE WATER LEVEL {TIDE): L0 - LONGITUCE: 72 2o 35 1FL
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e T it e SEDIMENT CORING LOG

=—r AN o Core Number ED -4 § (core 1 )

DATE SAMPLED: 5 / A / 18 CORE PENETRATION: G

LOCATION: East Waterway - Seattle. WA CORE RECOVERY: Y27 -0 = {Q

TIME: DAL % RECOVERY: 3.

UNCORRECTED DEPTH (-FT): 53X H4 2 SAMPLING METHOD: - _MSS Vibracare

NOS WATER LEVEL (TIDE): 0.3 POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE: Y U 3 o%Y

ACOE WATER LEVEL (TIDE): [ LONGITUDE: 132 2o 3PT.224

WATER DEPTH ACOE MLLW: 4¢ NORTHING: 214 3 ofp
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DEPTH SAMPLE DATA SEDMENT | )3 242 > 225 A nse 6.2

PR 2| & o | Mote lopetm b Bt ol Ingp Lo otBU

22 2= owe B3 |49 S | lews 24 odor o Ame, sjza.,@-\ swebrce_

32 3 nmem | 2 2| 2| B THOLOGY OBSERVATIONS
- Noad'ﬂ’ ‘5 (/oo‘({/eA (frﬁ-tc—) '&acz 5“5"0"“"4({
: Q log bHly coct foo3e £o deuse, wweft a5t to
n Rl
ey fsu(fﬁ ,,..,4‘; blecie, sheoxs ool
- S oder 3
: S s A g £ Bl e ST Y, |
_ 5"1:0 fu—u k-”f"‘- 5{/‘6 i C/"t “}""“(55,/00%/ f&t/ﬂ .
- buu A ‘ii’ﬁm‘jﬂufﬁ é
2 St FCAMO&V ueo /e[r-é[c i b fmck
» L ‘——_&Wfr rgdS . 2.
~ \ "‘?/tut,a;h/ w1 2w 5:(‘& cauc//tt‘tfe.f Sowsd.
- \V Hmee still ﬁ“jwwr‘s cod beiy E L""S plsta
- N bleck | 5:f . o5 Sﬁ%peﬁb odor
- ’ S mplel 3
- 1 /é« 5 gy R souie fiue s s smd € C["'y? (e
E \L Aﬂ'ﬂ" F k’f //[ecé ¢ '*0{5% 1‘9 . Sé#-
N — 5#"5‘*‘\_&2*7['“0/ et Sr. ¢
.—4 :
—5
:5 ‘I



ssSaa
ey — SEDIMENT CORING LOG
r—— /' L 2 Core Number EP-H8§ (eor=
DATE SAMPLED: &// 22 /Qg CORE PENETRATION: 6.0
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 5 3 - L~ S,/
TIME: (DL % RECOVERY: 8T
UNCORRECTED DEPTH {-FT) Py il 43 b SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE}: -4 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Uy M 28 org”
ACOE WATER LEVEL (TIDE): Q. = LONGITUDE: 122 20 3T. 23
WATER DEPTH ACOE MLLW: 43 G NORTHING; 2142+ 21
VESSEL: R/ Nancy Anne EASTING: 12.L3356.59 lb =
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bl LN S Core Number ED_d§ (crees)

DATE SAMPLED: 5 /’2,:: / 95 CORE PENETRATION: 6.2

LOCATION: East Waterway - Seattle, WA CORE RECOVERY: ;-0 = 49

TIME: [C42 % RECOVERY: 537,

UNCORRECTED DEPTH (-FT); Jdg.# SAMPLING METHOD:  _MSS Vibracare

NOS WATER LEVEL (TIDE): -09 POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: “Yr? 3Y 3% o011

ACOE WATER LEVEL (TIDE); LONGITUDE. 122 2% 25 334

WATER DEPTH ACOE MLLW: yH° NORTHING: 21413 (8

VESSEL: RN Nancy Anne EASTING: | LeFITL .00
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————— - _ &
E— = — SEDIMENT CORING LOG (re
vy il S0 Core Number _E=D —50 (wove!
DATE SAMPLED: Z/ ?./‘T £ CORE PENETRATION: __(2.9
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: 12.% -0 = ¢2.
TIME: 2L % RECOVERY: Jlo=-2
UNCORRECTED DEPTH (-FT): A48 Y SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): £ 9.5 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: eI
ACOE WATER LEVEL (TIDE); A LONGITUDE: e 2o 3%, 3}?
WATER DEPTH ACOE MLLW: Yq4. o NORTHING: 2I43Fe. 5§
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e ar— SEDIMENT CORING LOG (pe#2>
AN o Core Number ED -55 (cow)
DATE SAMPLED: B 13— CORE PENETRATION: %5
LOCATION: East Waterway - Seartle, WA CORE RECOVERY: 12,6
TIME: 1434 % RECOVERY: Ioe '
UNCORRECTED DEPTH (-FT): SAMPLING METHOD;  _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RNV Nancy Anne EASTING:
SAMPLED BY: SAIC/Herrera/MSS WEATHER:
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= SEDIMENT CORING LOG
sy /) T | -
—ry NN o Core Number =0 -S5O /c-e 2)
DATE SAMPLED: 7/12/a¢ CORE PENETRATION: e “
LOCATION: East Waterway - Seatle, WA CORE RECOVERY: 5%
TIME: !’ ?Z}— % RECOVERY: .,
UNCORRECTED DEPTH (-FT): 49 o SAMPLING METHOD:  _MSS Vibracare
NOS WATER LEVEL (TIDE): 53 POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: “F Y Y3 bep
ACOE WATER LEVEL (TIDE); '3:-.2,- LONGITUDE: (12 20 35.Z09
WATER DEPTH ACOE MLLW: 52§ NORTHING: 2iYI e 1S
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e ar—— SEDIMENT CORING LOG ¢V
yr— /s 1A~ 2 ~ Core Number £) - 53 (cwetd
DATE SAMPLED: S / 12/45 CORE PENETRATION: |2.2
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: I ‘7’__-_ N TAY
TIME: '.j ~4 % RECOVERY: 487~
UNCORRECTED DEPTH (-FT): 52.% SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE); to POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: U} 34 sv.529
ACOE WATER LEVEL (TIDE): 7.4 LONGITUDE: [T “° 35 39F
WATER DEPTH ACOE MLLW: Ye. e NORTHING: 21SSed. 42
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y / " v | e
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DATE SAMPLED: B -12-q¢ CORE PENETRATION: i2.Q
LOCATION: East Waterway - Seaitle. WA CORE RECOVERY: tlos—
TIME: 1009 % RECOVERY: 9L
UNCORRECTED DEPTH (-FT): SAMPLING METHOD: - MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
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e 7 a1 L T Core Number _ED ~53 (tsee &)
/‘ .

DATE SAMPLED: 75/ 1 2./% CORE PENETRATION: o.©

LOCATION: East Waterway - Seattie, WA CORE RECOVERY: 545 -0°di 2 §.3

TIME: ETE % RECOVERY: qir4.

UNCORRECTED DEPTH (-FT): 53 1 SAMPLING METHOD: _MSS Vibracore

NOS WATER LEVEL (TIDE): +9 2 POSITIONING METHOD: DGPS
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SEDIMENT CORING LOG

Core Number £D=6Z  (pop2)

CORE PENETRATION:

East Waterway - Seattle. WA CORE RECOVERY:
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DATE SAMPLED: M2 / q% CORE PENETRATION: .S
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Sy ore } i
=y —— SEDIMENT CORING LOG (*" )
— /=% | sy (edhe C Por Cdeminut ()
e Core Number F)-3F0 (24w *
DATE SAMPLED: :l’/ 73/ag CORE PENETRATION: 2
LOCATION: East Waterway - Seattle. WA CORE RECOVERY: 55
TIME: 1ofed % RECOVERY: 427,
UNCORRECTED DEPTH (-FT): HZ1.% SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): 2o POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: el XERIOS
ACOE WATER LEVEL (TIDE): 34 LONGITUDE: 121 20 29.29%1
WATER DEPTH ACOE MLLW: 25,1 NORTHING: Y3230
VESSEL: RN Nancy Anne EASTING: |2L3S2iY3 K
SAMPLED BY: SAICHerrara/MSS WEATHER: é’.
SEDIMENT .
DEPTH SAMPLE DATA TYPE TR
.
38 | 2 4| B @ | !
33 32| ceme & 3 |a|¢ ' -
23 | v 2 2| 8|3 UTHOLOGY OBSERVATIONS
‘3]8'(?00‘0 SM @laclﬁ ol H—U SAN:D ., Sad s Very ‘FM.:..
b medium,  Abusdont hash ad ovdamic |
“FUJD_ w Has o&vr. (badjw l‘*ﬂr:’, . *‘

o HaS wders Up o 25 ppm om HNw,
highost wantrp, Sser<asig dowmuard),

N

W
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i
=

- 3({:
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OIVIAOEASTWATERWANCORELOG.OSF 112488

pace | OF &

e s e v)
S SEDIMENT CORING LOG ')
. Gore Number D30 .
DATE SAMPLED: -7'/7457 / S5 CORE PENETRATION: [bS
LOCATION: East Waterway - Seatle. WA CORE RECOVERY: (4.5
TIME: (22w % RECOVERY: 12 7.
UNCORRECTED DEPTH (-FT): -~ {3 (s SAMPLING METHOD: _MSS Vibracore
NOS WATER LEVEL (TIDE): X POSITIONING METHOD: _DGPS ‘
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: 43 I};f <3 ir‘}
ACOE WATER LEVEL (TIDE): +4.9 LONGITUDE: (2 L2 39«
WATER DEPTH ACOE MLLW: - R NORTHING: 2i433e- 75"
VESSEL: RN Nancy Anne EASTING: 12,6351L. O
SAMPLED BY: SAICMHemera/MSS WEATHER:
DEPTH SAMPLE DATA SE%QENT ” : .
- B Jull pue ot e nose ncbe
5§ 2 4| & o
d BT awpLE E § &3 %
Eé Ei‘ NUMBER zZ | B 553 & LTHOLOGY OBSERVATIONS
- =t fop 2 in néf\ﬁa with seme silt
- qa0000 Mo _
- i after 2ia it Wit TinQ &,% JOTHh yee lc-aﬂbrd‘s
. ne hair) soma warabk WUIATS oF Sangd
n t’r\coush (sany Y s )
-~ 2
T I HaS dor - stronq black
_ 1
L.
e > LN S Se
- 3.0 L HYal  hecomas more & o silt uiith c{cvj fo the L0
L n) ofppMiCcs
- § TR00Y Clean fmosk- Fromn 1 onpae lanyer
— MC SO scm.PRa ! N
—a | NSe.s, &h foudy out-
=) [ an&n'n.h Sl woidh come. ,“16}10 UFFMQSM}S
- O
B to Olive
- oS odor sk W ™
4 :
L 4 =D Contant mr_ai'éa'?(‘h, bus stil! a st
- I I N -
N | ML sitt s cl dor K. )
— & < cCCasional. s OF cropnics (SQAMSL fo coof
: 9":&0\“3‘\0 SIH' U\JH"F\ SoMQ an 5(1!18
N coarsc Yones withsarddark olive. groy
79 T TR wth some Fiaa sand o
ML
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DIVOMOEASTWATERWAYICORELOG.OSF 772408

s g T
. / ¥ | ey g’
vy e Core Number £D 70
DATE SAMPLED: /28 |9¢ CORE PENETRATION: ._
LOCATION: East Waterway - Seattle, WA CORE RECOVERY: L
TIME: % RECOVERY:
UNCORRECTED DEPTH (-FT): SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION; _+0.9 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RNV Nancy Anne EASTING:
SAMPLED BY: SAIC/HereraMSS WEATHER:
SEDIMENT
OEPTH SAMPLE DATA TYPE
D
38 | 3 2 E 2
22 |3z e (F 3|3 |8
33 (33| nvem |2 2 |2 | 5 LITHOLOGY OBSERVATIONS
B 9oy
L
.
— &
st
- v vwwwuy e - -
~ *® 1\*‘\330»'\3 (‘F.na_ Scma\ dm_ rng
- £S\-3hro
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L veve of ol sa '
L t agoa0 1 BN LS nd l.lj silE
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—§
-
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Tneorrectlu Sampled . P
— . B

SEDIMENT CORING LOG
Core Number _ED -35 ><
DATE SAMPLED: H28/18 CORE PENETRATION: (2.5 '

LOCATION: East Walerway - Seattle, WA CORE RECOVERY: a[ f i

TIME: 0357 % RECOVERY: 35 %
UNCORRECTED DEPTH {-FT): 5{&5’ 51,27 SAMPLING METHOD: _MSS Vibracore

NOS WATER LEVEL (TIDE): +¢5 7 POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: Yy 39 HE /(e
ACOE WATER LEVEL (TIDE): R il LONGITUDE: (22 20 32 99
WATER DEPTH ACOE MLLW: 4/ 5 NORTHING:

VESSEL: RV Nancy Anne EASTING:

SAMPLED BY: _SAICHerrera/MSS WEATHER:

SAMPLE DATA e Vebimed N 2 Seatona

OEPTH
iE P03

et SAMPLE Q : _
B3 | 34 aeer Z % 5 LITHOLOGY OBSERVATIONS

et | Sitk whtrac Y Fine sond uxt‘ni’nq_o LS
ML ﬁp COUPE At -anSiton s apoat L 3Fr e

Ll
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%0000\

E 5}1‘ “3: patrolanm odor
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b.v

A D]
E— = SEDIMENT CORING LOG T, _ ..
o 7 a0 Core Number FD-%5 Cé;}’;ﬁjac;\: N N
DATE SAMPLED: M24/9€ CORE PENETRATION?J‘{ 2.5
LOCATION: East Waterway - Seatile. WA CORE RECOVERY: (C.2
TIME: 1§24 % RECOVERY: <17
UNCORRECTED DEPTH (-FT): 43 7 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 2.¥ POSITIONING METHOD: _DGPS
NOS TO ACOE LEVEL CORRECTION: _+09 LATITUDE: 4334 48.0%
ACOE WATER LEVEL (TIDE); 2 4 LONGITUDE. |22 2o 33F 402
WATER DEPTH ACOE MLLW: 43.5 NORTHING: 215234 .94
VESSEL: RNV Nancy Anne EASTING: Uedolio Y
SAMPLED BY: SAIC/Herrera/M3$ WEATHER:
DEPTH SAMPLE DATA SEMENT | % iz~
. } \Lq.37 .17
38 |2 2| & 2
22 122 e E(8 g|B
2|3 nmer (2|2 2|5 LITHOLOGY OBSERVATIONS
- Tgo?oo ML Bade o dark oy SILT, e
E D-\)Lbda*t trsh  oud BY3atic debvis
- | Chair , frash, plat mi?»n"«]), X ol
[ ’ H'LS D&bf‘@ﬂ\]& vnaz Sured vp 4+ 50 Ffm)
- Pl
o
[~ 10 ,
- 213/ \uﬂ < \/..v _'2.3 — ‘
- . Dok o padiuwm gray Q\qyey SILT
- ” / Ma_ with Sowe  orgawie debvis (plag Filbers)
C3 T T L Fued oler.
£35 - 35" —
- qge0> (35 -74 Pri) e
4 | \/w7 davie gray LAY ard SILT,
- J WiHA hace awowds o5 hesk dbrs,
E 56?1' : \b4’7 p—npfsf
- ; (HUu T 2r0)
;5 ‘ (Vols MS/MSD on Whis Scxmpk)
:_.5 | Q/

PAGE _'f_bF"-— ,
BT (b

REVIEWED BY:




=
. ] A W | m——

[ —
NN o
DATE SAMPLED:
LOCATION:

TIME:

UNCORRECTED DEPTH (-FT):
NOS WATER LEVEL (TIDE): ~

SEDIMENT CORING LOG (P2
Core Number EP-75  (Fist corD
7-29-~7% CORE PENETRATION: T
_East Waterway - Seattle. WA CORE RECOVERY:
% RECOVERY:
SAMPLING METHOD: MSS$ Vibracore

POSITIONING METHOD: _DGPS

L
=R

TTTTTTT I

Ny
_Q

TTTHIT T

L
[aw

\m‘\

TTTTT T T[T I T TTTITT]

o

NOS TO ACOE LEVEL CORRECTION: _+0.8 LATITUDE:
ACOE WATER LEVEL (TIDE): LONGITUDE:
WATER DEPTH ACOE MLLW: NORTHING:
VESSEL: RN Nancy Anne EASTING: =
SAMPLED BY: SAICHerera/MSS WEATHER:
SEDIMENT
DEPTH SAMPLE DATA TYPE
>
28 | 2 Z | & 2
33 | 32 | gaypie & g8 |la| g T
@ s
23 , 4| wwem |2 2|3 |5 LITHOLOGY OBSERVATIONS
. QRoo 32
; ] — Y Pt —— -
- (28 < erdnd=d. s;m:hé Cerey )
— M boltom COVe no n?"“UM

DIVBMOEASTWATERWAYCORELOG OSF 72488
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-4 )
E——— SEDIMENT CORING LOG &7V
W o Core Number ED~3€ (20 el )
DATE SAMPLED: 3/=c[4§ CORE PENETRATION: (2.5
LOCATION: - East Waterway - Seattle. WA CORE RECOVERY: 1.2
TIME: (302 % RECOVERY: 90 7
- UNCORRECTED DEPTH (-FT): 437 SAMPLING METHOD:  _MSS Vibracore
NOS WATER LEVEL (TIDE): 4.2 POSITIONING METHOD: _DGPS _
NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE: d 34 Y5, 21
ACOE WATER LEVEL (TIDE): 5./ LONGITUDE. Fia 20 2298
WATER DEPTH ACOE MLLW: Wl NORTHING: 24524698
VESSEL: RN Nancy Anne EASTING: 126362 3+
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Hity  ovezap 3%
(-’T""\ ' o
SEDIMENT
DEFTH SAMPLE DATA TYPE
3 | 2 2 & o
33 B wmeem |22 3|5 LITHOLOGY OBSERVATIONS
- D=3 Cor samle discadedl.
- Yo description,
-1 | .
}2
—3
E (+oyp oF Aescribd oy
- 1A — 36"
- %T 32 %/ (3L-70 ) LAY
— 4 C—h/ q- . !
- el T amowds < hate <8,
- / Aot ddsmis ot top of sample.
- ° z Sett,  Uery meist,  sel pehef - sder at 1,
- \L (KN = zevw)
6
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e — SEDIMENT CORING LOG {»2)

o T — Core Number £P-75 (25 e

DATE SAMPLED: _7-30-9% CORE PENETRATION:

LOCATION: East Waterway - Seattle. WA CORE RECOVERY:

TIME: % RECOVERY:

UNGORRECTED DEPTH (-FT): SAMPLING METHOD: ~ _MSS Vibracare

NOS WATER LEVEL (TIDE): POSITIONING METHOD: _DGPS

NOS TO ACOE LEVEL CORRECTION: _+0.9 LATITUDE:

ACOE WATER LEVEL (TIDE). LONGITUDE:

WATER DEPTH AGOE MLLW: NORTHING:

VESSEL: RNV Nancy Anne EASTING:

SAMPLED BY: SAIC/Herrera/MSS WEATHER:

DEPTH SAMPLE DATA SE%@T s

23 Ei NUvEER g :|8 % LITHOLOGY ——
L P
- 506 3% MP SU_TQAQ- CLAY (eze M
" | o)
7 /
- 76— .
- ) *Z ST and CLAY , weny dark gray,
:_/zg \L lami e | meve C!CU;**’"‘L o top-
: , Soft, very med
- T99co33 BS
:_/,»q 2" | gp - (grdlettmd contac)
- J w2 Tavk gray SILT aud SAND inkrlomicty.
- 50-—»9. is \p\oa% %\u,) alse Some \""3‘6\“‘1:
E. D\/ﬁﬁ@ﬂ coafsees &anmaf&t E *‘“""\S.iﬁ‘?jb‘&).
/e Gowy €ive, danse. oy me o

B Somd Tagmarls (plst dabrty) 1n Sl
| :_ 1

- 12 o oo oF w0
g0 i

g
%
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=== SEDIMENT CORING LOG

Y 7/ — § ' I

r—— 7/ ad 'L 23 Core Number CG-1 (Core 1)

DATE SAMPLED: 8/18/98 CORE PENETRATION (FT). _6.0

LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 6.25

TIME: 0341 % RECOVERY: 100%

UNCORRECTED DEPTH (-FT): -37.6 SAMPLING METHOD: MSS Vibracore

NOS WATER LEVEL (TIDE): -0.5 POSITIONING METHOD: DGPS

NOS TO AGOE LEVEL CORRECTION: __+0.9 LATITUDE (N): 47 3525273

ACOE WATER LEVEL (TIDE): +0.4 LONGITUDE (W): 12220 32.197

WATER DEPTH ACOE MLLW.: -37.2 NORTHING (FT}): 218993.45

VESSEL: R/ Nancy Anne EASTING (FT): 1268091 .45

SAMPLED BY: SAIC/Herrera/MSS WEATHER: Qvercast, 55-60° F, caim,

wind North <5 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE

38 |2 7

23 | 3= o | 2

5 P SAMPLE ¢ =

L= E= NUMBER ] & LITHOLOGY OBSERVATICNS
— 980102 MLSM | 0.0 to 3.3 feet: Sandy SILT; sand is mostly very fine; abundant plant debris throughout with
B possible hair debris; common worm tubes in upper 0.5 feet; very soft in upper 0.5 feet (silt wet);
= grading down to very firm at 3.3 feet {moist); dark brownish gray; a few white shells.
— 1
—2
—3
I~ (Gradational)
_ SP-5M| 3.3to 4.8 feet: Fine SAND, with little silt (8-10%); abundant white shells {(both smooth and
I scalloped shelis) up to 1-inch fragments; one large gravel (2.5") at top of unit; no odor; dark gray;
- N silt in discrete layers; also mussel shells.
—4
— 980240
— Archive
: nzrl
~ 5 4.8 feet: Bottom of described care.
6

REVIEWED BY: pace 1 oF 1
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=ity — SEDIMENT CORING LOG

TSN

yr— 7 'h - 2 Core Number CG-1 (Core 2)

DATE SAMPLED: B8/18/98 CORE PENETRATION (FT): _6.0

LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 6.2

TIME: 0959 % RECOVERY: 100%

UNCORRECTED DEPTH (-FT}: -37.8 SAMPLING METHOD: - _MSS Vibracore

NOS WATER LEVEL (TIDE): 0.2 POSITIONING METHOD: DGPS

NOS TO ACOE LEVEL CORRECTION: _ +0.9 LATITUDE (N): 47 3525273

ACOE WATER LEVEL (TIDE): +0.7 LONGITUDE (\): 122 20 32.100

WATER DEPTH ACOE MLLW: 371 NORTHING {FT): 219002.64

VESSEL: R/A/ Nancy Anne EASTING (FT): 1268058.28

SAMPLED BY: SAIC/Herrera/MSS WEATHER: Overcast, 55-60° F, calm,

wind North <5 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE

£ |z 7

35 | &= 8

78 | 35 | Swee 8| g

eE | 2= NUMBER ] n LITHOLOGY OBSERVATIONS
— 980102 MUSM | 0.0to 4.1 feet: Sandy SILT with mostly very fine sand, some fine; some smail white shell
- fragments; common to abundant wood plant debris, including twigs up to 1/2"to 5 1/2"; soft and
- wet at top; grading to firm and moist at base; dark brownish-gray.
~=1
— 2
—3
— 4
— Not )

1

4 Sampled (Gmdatlona_) _________
L SP 4.110 4.9 feet: Fine SAND, with trace silt (near top anly}; dense with trace shell fragments,
- A
— 5 4.9 feet: Bottom of described core.
5 7

REVIEWED BY: pace 1 oF 1
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E === SEDIMENT CORING LOG
S 7 . ¥/
r— /a1 k- 4 Core Number _CG-2 (Core 1)
DATE SAMPLED: B8/24/98 CORE PENETRATION (FT): _12.0
LOCATION: East Waterway - Seattle, WA CORE RECOVERY {FT): 126-02=124
TIME: 1447 % RECOVERY: 100%
UNCORRECTED DEPTH (-FT): -38.5 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE). 235 POSITIONING METHOD: DGF3
NOS TO ACOE LEVEL CORRECTION: _ +0.9 LATITUDE (N): 47 3526.190
ACOE WATER LEVEL (TIDE): +3.4 LONGITUDE (W) 12220 29.242
WATER DEPTH ACOE MLLW: 35.1 NORTHING (FT): 218082.37
VESSEL: R/V Nancy Anne EASTING (FT): 1268295.79
SAMPLED BY: SAIC/Hemera/MS3S WEATHER: Sunny, clear, 70° F, winds light,
West 2-3 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
38 |z o
d5 | 3z SAMPLE &a g
3 | B4 g | £
L= | L= NUMBER =) @ LITHOLOGY OBSERVATIONS 7
I 980126 MLCL 0.0 to 1.5 feet: SILT and CLAY, with trace very fine sand with common shells and wood fragments;
| very dark gray, but oxidized to light gray in upper 2 inches; soft; wet; a few angular gravel
I fragments also present.
— 1
= SP-SM 1.5 to 2.6 feet: SAND, with little silt; fine to very fine sand; with silt near top; decreasing downward;
N moderately dense; dark brownish-gray.
—2
i~ ML 2.6 to 4.0 feet: SILT, with little very fine sand, in layers; one peatiwood layer (w/shells) at bottom
[~ (3.9 ft depth); very firm; dark brownish-gray.
— 3
— 4
B ML 4.0 to 4.8 feet: Similar to above; SILT with trace very fine sand; stiff.
—5
Z \V {Gradational)
6 980251 ML 5.9 - 6.8 feet: Sandy SILT (see next page).

REVIEWED BY: Pace 1 oF 2
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SEDIMENT CORING LOG

AN o Core Number _ CG-2 {Core 1)
SAMPLE SEDIMENT
DEPTH DATA TYPE
38 | 2 7
da a 8
.a.g,“:;l ?£§ SAMPLE A %5
£= | & | NUMBER S| & LITHOLOGY OBSERVATIONS
a80251 MUSP 5.9 to 6.8 feet: Sandy SILT, laminated (angled beds); sand is very fine to fine in layers in silf; very
"2 firm; dark brown-gray; some wood debris present.
{Gradational)
7 T "Nt | SP| | 6.Bto8.0feet: Fine SAND (a litie very fine) with trace silt (~5%) in layers, with shell and plant |
Sampled debnis locally; mostly clean sand; dark brownish-gray; dense.
8

8.0 feet: Boftom of described core.

illlllillli]llIIllII|I|iEIIIII|1|i|[||i||IIIII|IiI|IIIEII1IIEIIFiIIIiI|IEIIEIlII
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e Ti o SEDIMENT CORING LOG
7 . v |
yr— / ad 1 A 20 Core Number- CG-2 (Core 2)
DATE SAMPLED: 8/24/98 CORE PENETRATION (FT); _125
LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 126-02=124
TIME: 1512 % RECOVERY: 100%
UNCORRECTED DEPTH (-FT): 39.2 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): 3.4 POSITIONING METHCD: DGPS
NOS TC ACOE LEVEL CORRECTION: +0.9 LATITUDE (N): 47 35 26.190
ACOE WATER LEVEL (TIDE): 4.3 LONGITUDE (W): 12220 29.242
WATER DEPTH ACOE MLLW: 34.9 NORTHING (FT): 219097.02
VESSEL: R/ Nancy Anne EASTING (FT}): 1268298.27
SAMPLED BY: SAIC/HerreraMsSsS WEATHER: Sunny, clear, 70° F, winds light
West <5 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
38 |2 2
da | £z w | 2B
%D T SAMPLE & = .
L= F= NUMBER =1 w LITHOLOGY OBSERVATIONS
B 980126 MLICL 0.0 to 1.5 feet: SILT and CLAY, with [ittle very fine sand, and some angular gravel in large
- fragments (up to 3.5") which are common at ~1.0 ft depth; common shells (mussels and white
- bivaive fragments); abundant wood/plant debris up to 4" long; little hair debris; very dark gray, but
— oxidized to medium gray in top inch; soft; wet; HNu up to 3 ppm, only in upper half.
[— i
— 1
— ML 1.5 to 4.0 teet: SILT, with (iftle very fi fne sand (mainly sandy in top 4 inches}; very fim; a few
— shell fragments in silt; weakly laminated; dark to medium brownish-gray.
—2
L
— 3
— 4 e vmn e e e e st] S — ———— e Py o ———————————————— e e e e e e s o S O o ey e
— SM 4.0 to 5.1 leet: Silty SAND, sand is very fine to fine; sand and silt are intermixed; very wet; loose
I to moderately dense; dark gray to brownish-gray.
—5
— SP.SM 5.1to 8.0 feet: SAND, with little silt; mostly fine sand; a little very fine sand; some zones of wood
N plant debris (up to 2" long}; dense.
— 6

OIVOHMEASTWATERWAYICGICG, 2. DSF 171588
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SEDIMENT CORING LOG

. 7 4 W | s
N /- § / mase
Yy i 'L Core Number CG-2 {Core 2)
SAMPLE SEDIMENT
DEPTH DATA TYPE
&
%g EE SAMPLE g 2
rE | = NUMBER 3| & LITHOLOGY OBSERVATIONS
960126 SP-SM
Not
Sampled
7
8

iTTTTTETETT I T T T T T T eI T T i T T T T T i iTTTld

RN

8.0 feet: Bottom of described core.

DIVOA4MEASTWATERWAYICG_2h DSF 1HSES
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= — SEDIMENT CORING LOG
Y 7 T 7 sy
Vy— 72 1h %) Core Number _CG-3 (Core 1)
DATE SAMPLED: 8/26/98 CORE PENETRATION (FT): _11.2
LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 108-12=96
TIME: 1125 % RECOVERY: 86%
UNCORRECTED DEPTH (-FT): 38.8 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): 6.0 POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION; _ +0.9 LATITUDE (N): 47 3526.145
ACOE WATER LEVEL (TIDE): 6.9 LONGITUDE (W) 12220 25.848
WATER DEPTH ACOE MLLW: 319 NORTHING (FT): 219073.26
VESSEL: RV Nancy Anne EASTING (FT): 1268528.43
SAMPLED BY: SAIC/Hemera/MSS WEATHER: Overcast, 60° F, winds light
North ~2-3 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
EE | 2 7
T 3 [] o
%g %g SAMPLE 4] <
£ | 2= | NMBER | B | & | umHoLosy OBSERVATIONS
B 980135 ML 0.0 to 1.2 feet: SILT, with trace very fine sand and clay with trace fine subrounded gravels; trace
L worm tubes and hair fibers; very soft fo soft; wet; slight petroieum odor; black.
—1
— SM 1.2 tc 3.8 feet: SAND, fine with some silt and trace shell fragments at 2 feet; trace rootlets; wet;
— soft from 1.3 to 1.6 feet; more dense and moist from 1.6 to 3.5 feet; very dark gray brown; very
o sitty sand; no odor.
- 2
— 3
I 980139
- 880140
-4 (field dup) ML 3.8to 4.2 feet: SILT, with some fine sand; firm.
B SM 4.2 to 7.5 feet: SAND, fine with some silt; trace rootlets; dense; moist; dark gray brown; no odor,
—5
B Stringer of silt (firm from 5.5 - 7.5 feet) ‘
6

REVIEWED BY: PAGE_1_oF 2
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= SEDIMENT CORING LOG
— / — ¥ |
y— /a1 k) Core Number €G-3 (Core 1)
SAMPLE SEDIMENT
DEPTH DATA TYPE

28 |z «

-] T Q

= ‘%‘gﬁ% SAMPLE | €

22 | $3 | NUMBER S & LITHOLOGY OBSERVATIONS
N 980139 SM SAND, as above.
[~ 980140
— 7
— SM 7.5 to 9.6 feet: SAND; fine with same siit; dense; wet dark gray brown; trace rootlets from 8.5 to
B Y 9.6 feet; strong H,S odor.
— 8
= Archive
- nan
L 980257
— 9
B 9.6 feet: Bottom of core.
—10
-

DNIAANEASTWATERWAICG_30.DSF 111580 REVIEWED BY: PAGE 2 OF 2




e 7w e SEDIMENT CORING LOG
BN / — 1 |
ary - RS Core Number _CG-3 (Core 2)
DATE SAMPLED: 8/26/98 CORE PENETRATION (FT): _6.0
LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 53-0.2=51
TIME: 1155 % RECOVERY: B8%
UNCORRECTED DEPTH {-FT): 38.8 SAMPLING METHQD: MSS Vibracare
NOS WATER LEVEL (TIDE): 54 POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: _ +0.8 LATITUDE (N): 47 35 26.262
ACOE WATER LEVEL (TIDE): 6.3 LONGITUDE (W): 12220 25.974
WATER DEPTH ACOE MLLW.: -325 NORTHING (FT): 219085.28
VESSEL: R/ Nancy Anne EASTING {FT): 1268519.89
SAMPLED BY: SAIC/Herrera/MSS WEATHER: QOvercast, 65° F, calm,
winds North <2 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
58 | 2 “
83 | Bz 0w | 2
=B T SAMPLE S =
&= &= NUMBER > 7 LITHOLOGY OBSERVATIONS
~ 980135 ML 0.0 to 1.5 feet: SILT, with little fine sand; clay; trace fine angular gravels; trace 1" iwigs; rootlets
I and hair fibers; very soft; wet; strong H,S odor.
— Grades into SAND
B SM 1.5 to 3.5 feet: SAND, fine with some silt; trace fine gravel/coarse sand; trace hair fibers; trace
L rootiets; very dense; moist; dark gray-brown.
—2
—3
~ \ 4
- 3.5 feet: Bottom of core.
— 4
—5
6

DNO4ANEASTWATERWAYICGVCG_T.05F 1H5A%
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SEDIMENT CORING LOG

e/ & W / maaa
N /7 — v | e
r—— /ad 1A 2] Core Number CG-4 (Core 1)
DATE SAMPLED: 8/24/98 CORE PENETRATION (FT). _12.0
LOCATION: East Waterway - Seattle, WA CORE RECOVERY (FT): 115-02=113
TIME: 1303 % RECOVERY: 56%
UNCORRECTED DEPTH (-FT): Q7 SAMPLING METHCD: MSS Vibracore
NOS WATER LEVEL (TIDE): 0.9 POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: _ +0.9 LATITUDE (N): 47 35 26.253
ACOE WATER LEVEL (TIDE): 1.8 LONGITUDE (W): 122 20 20.755
WATER DEPTH ACOE MLLW 3Ny NORTHING (FT): 218077.37
VESSEL: R/ Nancy Anne EASTING (FT): 1268877 .54
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Partly cloudy, sun breaks, 65° F,
’ calm, winds light N/NW <3 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
i)
2z | 3 @
23 | Bz 2
w5 | 35 SAMPLE § b
L= b= NUMBER 5 ) LITHOLOGY OBSERVATIONS
B 380127 MLCL 0.0 to 2.6 feet: SILT and CLAY, with little very fine sand and little anguiar gravel; common shells;
| some chunks (2) of metal {7); common wood/plant material; very dark gray; wet; soft; no surface
= oxidation zone,
—1
— 2
— SM 2.6 to 4.8 feet: SAND, with some (~15%) silt; sand is very fine to fine; intermixed with silt; common
[ shell fragments and plant/wood material (up to 3" long wood); wet; dark brownish-gray; dense to
3 very dense.
— Y
— 980139
—4 980140
L (field dup})
s 5 SMML 4,8 to 8.0 feet; SAND, very fine to fine, with little to some silt; trace rootlets; dark gray-brown;
L moist; very dense; interbedded with altemating layers of SILT, with little fine sand (2- to 3-inch
— layers); moist; stiff; dark gray brown to very dark hrown.
[ 5 \

DNVO4MEASTWATERWANCGWCG_4a.05F 11589
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== SEDIMENT CORING LOG
SAMPLE SEDIMENT
DEPTH DATA TYPE

38 | 3 2

%E %g SAMPLE g g

2= | &= NUMBER 5| & LITHOLOGY OBSERVATIONS
= 980139 SMML
N 980140
— 7
L 8 T T T T T T T T T T e e e e e e e e e e e e e e e e e e e e e
L ML/SM B.0 to 9.4 feet: SILT, with common very fine sand; very stiff; moist; gray brown; no odor.
— 9 Archive
: IIZII
L 980258
: SM 9.4 to 11.5 feet: SAND, fine to very fine, with some silt; medium dense; trace rootlets; gray brown;
= moist.
- Not
— 10 Sampled
11
B 11.5 feet: Bottom of core.
12

DVDAAMEASTWATERWAYICG _42.D5F 1/1599 REVIEWED BY: PAGE 2_OF 2



=5 SEDIMENT CORING LLOG
Y / & / maaay
r /al s Z Core Number _CG-4 {(Core 2}
DATE SAMPLED: 8/24/98 CORE PENETRATION (FT); _5.5
LOCATION: East Waterway - Seattle, WA CORE RECOVERY.(FT): 5.4
TIME: 1408 % RECOVERY: 98%
UNCORRECTED DEPTH (-FT): 34.8 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL ({TIDE); 1.5 POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: _ +0.9 LATITUDE {N): 47 35 26.158
ACOE WATER LEVEL ({TIDE); 2.4 LONGITUDE (W): 122 20 20.809
WATER DEPTH ACOE MLLW: 324 NORTHING (FT): 219067.95
VESSEL: R/ Nancy Anne EASTING (FT): 1268866.79
SAMPLED BY: SAIC/Herrera/MSS WEATHER: Sunny, mostly clear, 65-70° F,
winds light West 1-2 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
2§ |z 9
TT = SAMPLE o =
wE 2= NUMBER 5 in LITHOLOGY OBSERVATIONS
~ 980127 MLCL 0.0 to 1.7 feet: SILT and CLAY, with frash (hair, a screw) and common piant debris and shells;
|- soft; wet, very dark gray; no surface oxidation zone; HNu = zero.
— 1 —
— ML/SP 1.7 10 4.0 feet: SILT and SAND, in about equal amounts; interbedded and intermixed with wood/
L2 plant debns (wood up to 2" long); stiff, dense; dark gray; HNu = zero.
—3
— A
— 4
— 4.0 feet: Bottom of core.
—5
— 6

REVIEWED BY: page_1_oF 1
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e ae SEDIMENT CORING LOG
Y 7 — N/
r— /g ')~ 2 Core Number _CG-5 (Core 1)
DATE SAMPLED: 8/18/98 CORE PENETRATION (FT): _7.5
LOCATION: East Waterway - Seallle, WA ~ CORE RECOVERY (FT): 71
TIME: 1409 % RECOVERY: 85%
UNCORRECTED DEPTH (-FT): 446 SAMPLING METHOD: MSS Vibracore
NOS WATER LEVEL (TIDE): 8.8 POSITIONING METHQD: DGPS
NOS TO ACCE LEVEL CORRECTION: _ +0.9 LATITUDE (N): 47 35 24.457
ACOE WATER LEVEL (TIDE): 9.7 LONGITUDE (wvy: 122 2029.377
WATER DEPTH ACOE MLLW. 34.9 NORTHING (FT): 218908.99
VESSEL: RV Nancy Anne EASTING (FT): 1268283.09
SAMPLED BY: SAIC/Herrera S8 WEATHER: Qvercast, 60° F, calm,
winds light North <5 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
28 | 2 «
22 | 3= 3
32 | 33 SAMPLE &8 =
t= W= NUMBER > 77 LITHOLOGY OBSERVATIONS
— 980104 ML 0.0 to 3.2 feet: SILT with some very fine to fine sand, and common wood/plant debris (up to
| . 1" long); a few worm tubes in upper 1/2 foot; no oxidation at surface; soft and wet at surface,
- grading down to firm and very moist; dark brown-gray grading down to medium gray-brown,
— 1
—2
L 3 {sharp)
B MLSP 3.2to 4.0 feet: SILT and SAND, in about equal amounts; interbedded; {aminated; sand is mostly
B very fine; some plant debris; very firm; dense; dark brownish-gray; slightly moist,
— 4 —— e — e —— ] e e o e —— — ——————— ——————— ————— Tk Wi, i e e b e g e s T — e v ———
N ML 4.0to 4.8 feet: SILT, with some (~15%) very fine sand and trace gravel {round, up to 1.3"); stiff;
— dark brownish-gray; some whitish shells.
__ 5 SP-SM 4.8 to 7.1 feet: SAND with little silt; sand is very fine to fine; dense; dark gray; some shells;
L laminated; some plant debris.
- 980104
- 6 rlZII

REVIEWED BY: pace_1 oF 2
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SEDIMENT CORING LOG

Core Number CG-5 (Core 1)

DNO4AMEASTWATERWAYYCG Sa.DSF 141289

-y A Saw o
SAMPLE SEDIMENT
DEPTH DATA TYPE

x5 | 3 @

23 | & 2

73 §§ SAMPLE gl <

£ | o= NUMBER g1 & LITHOLOGY OBSERVATIONS
» ya0241 | SP-SM
B Archive
— e
B Not
- Sampled
[ 7.1 feet: Bottom of core.
— 8
L

REVIEWED BY: PAGE 2 OF 2




7 . ¥/
yr— /a1 A2 Core Number _CG-5 (Core 2}
DATE SAMPLED: B8/18/98 CORE PENETRATION (FT): _12.0
LOCATION: East Waterway - Seatile, WA  CORE RECOVERY (FT): 125-0.2=123
TIME: 1448 % RECOVERY: 100%
UNCORRECTED DEPTH {(-FT): -46.7 SAMPLING METHOD: MSS Vibracore
NGCS WATER LEVEL (TIDE), 9.7 POSITIONING METHOD: DGPS
NOS TO ACOE LEVEL CORRECTION: +0.9 LATITUDE (N): 47 3524.418
ACOE WATER LEVEL (TIDE}: 10.6 LONGITUDE (W): 122 20 29.081
WATER DEPTH ACOE MLLW: 36.1 NORTHING (FT): 21890265
VESSEL: R/ Nancy Anne EASTING (FT): 1268303.30
SAMPLED BY: SAIC/HerreraMSS VWEATHER: Qvercast, 60° F, calm, winds
North ~1-2 knots
SAMPLE SEDIMENT
DEPTH DATA TYPE
3
2g | B @
=
%g 5 | sampLe A %
22 | 2| NMBER | 3 | &% | UTHOLOGY OBSERVATIONS
_ 980104 ML 0.0 to 2.8 feet: SILT, with trace little very fine sand; soft, grading down to firm; very dark gray to
L dark gray; a little plant debris, some hair debris; wet.
— 1
— 2
. 3 ML 2.8 to 4.7 feet: SILT, with some very fine sand; laminated; stiff; dark brownish-gray; common
- plant and wood debris {(up to 1" x 3.5"); moist to slightly moist (similar to above unit, but harder,
- more sand, more wood),
— 4
- T T T [sM | | 47to63teet: SAND with some (~15-20%) silt; some wood/plant debris; very dense; fine to |
- very fine sand.
3 Not
- Sampled
5

REVIEWED BY: PAGE _1_ OF _2_
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SEDIMENT CORING LOG

DNOLAMEASTWATERWAYICG Sb.DSF 11289

e ———
B 7 A W e
mﬂ@ Core Number _ CG-5 (Core 2)
SAMPLE SEDIMENT
DEPTH DATA TYPE
[(Tg=] QO
%‘E ‘;g SAMPLE a é
&= | &= | NUMBER 8 & LITHOLOGY OBSERVATIONS
L Not SM
- Sampled
— ML €.3to 8.0 feet: SILT, clean; very firm; dark brown-gray.
— 7
- 8.0 feet: Bottom of described care.
REVIEWED BY: PAGE 2 OF 2_
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SEDIMENT CORE COLLECTION FORM

W/ 1ndWard
LA CorelD: =\ j42  Satond:  EW-143
Project Mame: _East Waterway Nature and Extent Uncorrected depth:
Project Mumber:  08-08-04 NOS water level {tide):
Date: jlﬁ’)?/ of e J20YY NOS-10-ACOE level correction:
Weathier: ACOE water level (tide):
Crew: Jhate dmde o) Cheles Earew Waler depth (ACOE MLLW):
Care penelration: j-?', £ Corerecovery: __//. 7 Percent recovery:
Deapth Sample data UsSCS Motes:
Ft below Sample Sample Percant s0il
mud surface |  Interval number recovery | group
— Lithalogy/observations:
— ML | Sand Sik . ol s v 3ctfve
é Saud | DK, ('.‘ri‘mh Tto e '5&1[1!5 T8
E /'l;'tLL\] m-'t‘fe. uastd, ’Pltttrj_h N o Im(f‘a
: So™ ® v |, we o des,
E___ ﬁl\T z,;r-‘iﬁc:u o Q"-INL-;
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= and , 954 Medin w Te
— T toxce Emk\‘, /ﬂaat, 5;&? L.mu_;'\r
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E z ; E DQ({L‘_":E-;M&.‘\ < \‘[ { 3 I\ i
_ ﬂ' j-i H"’Wﬁ 0’ 60 - L "r A5 A 1AL
— - 53 |- Iy
= 5 Jﬂu W3-02 t&O 5? Sﬂ-ﬁt - ame .
— 53-59Fwi1-03 | 8o C{;M a.)
I R e S| ,
— e JH' ead oF core
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SEDIMENT CORE COLLECTION FORM
WII’] Ward CorelD: f=|,y - /4  Station|D: EwW-144

Project Mame: _East Waterway Nature and Extent Uncomected depth:
Project Number: _08-0B-04 NOS water level (tide):
Date: tg,fulg (. Tme_ fO5P NOS-o-AGOE level cormestion:
Weather ACOE water level (tide):
Crew: fenvec ! Wally cepth (AGOE MLLW):
Core penetration: A0’ Core recovery; ) F Peroent recoveny:
| ] . Sample data I uscs | Notes:
F1 balow Sample Sample Percam soll
.1 mud suface | inlerval pumber FECOVETy | group
— 1 Lithology/observations
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SEDIMENT CORE COLLECTION FORM

Wlﬂ 'ﬂﬁ‘:&-ﬁg“‘ Core ID: [, - )‘g & Station ID: EW-145
Project iame:  East Waterway Nature and Extent Uncormrected depth:
Project Number:  08-08-04 NOS water level (tide):
ate: |2 Z[[(Qg Tme: /2! 4 NOS-o-ACOE lovel carrection:
Weatter: ACOE water level (lice):
Crew: ce pud lee. Foyes  Waterdepth (ACOE MLLW):
Care penetration: A Core recovery: P x Percentrecoviry, _ sec Rt én%
Depipfm Sample data uscs | Notes:
Ft below Sample Sample Percent S0l
mud surface | inferval number recovery | group

Lithology/observations:
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Appendix G Data Management

AVERAGING LABORATORY REPLICATE SAMPLES

Chemical concentrations obtained from the analysis of laboratory replicate samples
(two or more analyses of the same sample) will be averaged for a closer representation
of the “true” concentration as compared to the result of a single analysis. Averaging
rules are dependent on whether the individual results are detected concentrations or
reporting limits (RLs) for undetected chemicals. If all concentrations are detected for a
single chemical, the values are simply averaged arithmetically for the sample and its
associate laboratory replicate sample(s). If all concentrations are undetected for a given
parameter, the minimum RL is selected. If the concentrations are a mixture of detected
concentrations and RLs, any two or more detected concentrations are averaged
arithmetically and RLs ignored. If there is a single detected concentration and one or
more RLs, the detected concentration is reported. The latter two rules are applied
regardless of whether the RLs are higher or lower than the detected concentration.

LOCATION AVERAGING

Results of chemical concentrations of discrete samples collected at a single sampling
location that are submitted to the laboratory as individual samples and analyzed
separately will be averaged for the purposes of mapping a single concentration per
location. The averaging rules used for location averaging are the same as for
laboratory replicate samples described above. This type of averaging is performed
when multiple sediment samples are collected from the same location at the same

time. For example: a sample and its field duplicate sample, often referred to as a split
sample (PSEP 1997).

SIGNIFICANT FIGURES AND CALCULATIONS

Analytical laboratories report results with various numbers of significant figures
depending on the laboratory’s standard operating procedures, the instrument, the
chemical, and the reported chemical concentration relative to the RL. The reported (or
assessed) precision of each result is explicitly stored in the project database by
recording the number of significant figures. Tracking of significant figures is used
when calculating analyte sums and performing other data summaries. When a
calculation involves addition, such as totaling PCBs, the calculation can only be as
precise as the least precise number that went into the calculation. For example:

210 + 19 = 229 would be reported as 230 because although 19 is reported to two
significant digits, the trailing zero in the number 210 is not significant.

East Waterway Operable Unit Subsurface Sediment QAPP
Port of Seattle FINAL Appendix G
February 2010
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When a calculation involves multiplication or division, the final result is rounded at
the end of the calculation to reflect the value used in the calculation with the fewest
significant figures. For example:

59.9 x 1.2 = 71.88 would be reported as 72 because there are two significant
figures in the number 1.2.

When rounding, if the number following the last significant figure is less than 5, the
digit is left unchanged. If the number following the last significant figure is equal to or
greater than 5, the digit is increased by 1.

Many of the Washington State Sediment Management Standards (SMS) chemical
criteria are in units normalized to the TOC content in the sediment sample (i.e.,
milligrams per kilogram organic carbon [mg/kg OC]). Only samples with TOC
concentrations greater than or equal to 0.5% or less than or equal to 4.0% are
considered appropriate for OC normalization. Samples with TOC concentrations less
than 0.5% or greater than 4.0% are compared to dry weight chemical criteria. Chemical
concentrations originally in units of micrograms per kilogram (ng/kg) dry weight
were converted to mg/kg OC using the following equation:

(Cug/kg dry weight) X (0001 mg/llg)

TOC
Where:
C = the chemical concentration
TOC = the percent total organic carbon on a dry weight basis, expressed as a

decimal (e.g., 1% = 0.01)

BEST RESULT SELECTION FOR MULTIPLE RESULTS

In some instances, the laboratory generates more than one result for a chemical for a
given sample. Multiple results can occur for several reasons, including: 1) the original
result did not meet the laboratory’s internal quality control (QC) guidelines, and a
reanalysis was performed; 2) the original result did not meet other project data quality
objectives, such as a sufficiently low RL, and a reanalysis was performed; or 3) two
different analytical methods were used for that chemical. In each case, a single best
result is selected for use. The procedures for selecting the best result differ depending
on whether a single or multiple analytical methods are used for that chemical.

For the same analytical method, if the results are:

& Detected and not qualified, then the result from the lowest dilution is selected,
unless multiple results from the same dilution are available, in which case, the
result with the highest concentration is selected.

# A combination of estimated and unqualified detected results, then the
unqualified result is selected. This situation most commonly occurs when the
original result is outside of calibration range, thus requiring a dilution.

East Waterway Operable Unit Subsurface Sediment QAPP
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¢ All estimated, then the “best result” is selected using best professional
judgment in consideration of the rationale for qualification. For example, a
result qualified based on laboratory replicate results outside of QC objectives
for precision would be preferred to a qualified result that is outside the
calibration range.

¢ A combination of detected and undetected results, then the detected result is
selected. If there is more than one detected result, the applicable rules for
multiple results (as discussed above) are followed.

¢ All undetected results, then the lowest RL is selected.

If the multiple results are from different analytical methods, then the result from the
preferred method specified in the quality assurance project plan (QAPP) or based on
the consensus of the professional opinions of project chemists was selected.

The following rules are applied to multiple results from different analytical methods:

& For detected concentrations analyzed by the SVOC full-scan and selective ion
monitoring (SIM) methods (i.e., PAHs), the highest detected concentration is
selected. If the result by one method is detected and the result by the other
method is not detected, then the detected result is selected for reporting,
regardless of the method. If results are reported as non-detected by both
methods, the undetected result with the lowest RL is selected. The SIM method
is more analytically sensitive than the full-scan SVOC method, and the
undetected results are generally reported at a lower RL by the SIM method than
by the full-scan method. Therefore, the SIM method is selected for non-detected
results unless an analytical dilution or analytical interferences elevated the SIM
RL above the SVOC full-scan RL.

+ Hexachlorobenzene and hexachlorocyclopentadiene are analyzed by EPA
Methods 8081A, 8270, and/or 8270-SIM. The result from the method with the
greatest sensitivity (i.e., lowest RL) is selected if all results are undetected. EPA
Method 8081A results are generally selected, when available, because the
standard laboratory RLs from this analysis are significantly lower than those
from EPA Methods 8270 and 8270-SIM. When chemicals are detected, the
detected result with the highest concentration is selected unless the detected
concentration is qualified as estimated or tentatively identified, in which case
the rule designating treatment of qualified and unqualified data would apply.

CALCULATED TOTALS

Total PCBs, total dichloro-diphenyl-trichloroethane (DDTs), total PAHs, and total
chlordane are calculated by summing the detected values for the individual
components available for each sample. For individual samples in which none of the
individual components is detected, the total value is given a value equal to the highest
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RL of an individual component, and assigned the same qualifier (U or U]J), indicating
an undetected result. Concentrations for the analyte sums are calculated as follows:

o Total PCBs are calculated, in accordance with the methods of the SMS, using
only detected values for seven Aroclor mixtures.! For individual samples in
which none of the seven Aroclor mixtures is detected, total PCBs are given a
value equal to the highest RL of the seven Aroclors and assigned a U-qualifier
indicating the lack of detected concentrations.

¢ Total low-molecular-weight PAHs (LPAHs), high-molecular-weight PAHs
(HPAHSs), PAHs, and benzofluoranthenes are also calculated in accordance
with the methods of the SMS. Total LPAHs are the sum of detected
concentrations for naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, and anthracene. Total HPAHs are the sum of detected
concentrations for fluoranthene, pyrene, benzo(a)anthracene, chrysene, total
benzofluoranthenes, benzo(a)pyrene, indeno(1,2,3,-c,d)pyrene,
dibenzo(a,/h)anthracene, and benzo(g,h,i)perylene. Total benzofluoranthenes
are the sum of the b (i.e., benzo(b)fluoranthene), j, and k isomers. Because the
j isomer is rarely quantified, this sum is typically calculated with only the b and
k isomers. For samples in which all individual compounds within any of the
three groups described above are undetected, the single highest RL for that
sample represents the sum.

& Total DDTs are calculated using only detected values for the DDT isomers:
2,4-DDD; 4,4’-DDD; 2,4’-DDE; 4,4'-DDE; 2,4’-DDT; and 4,4’-DDT. For
individual samples in which none of the isomers are detected, total DDTs are
given a value equal to the highest RL of the six isomers and assigned a
U-qualifier, indicating the lack of detected concentrations.

¢ Total chlordane is calculated using only detected values for the following
compounds: alpha-chlordane, gamma-chlordane, oxychlordane, cis-nonachlor,
and trans-nonachlor. For individual samples in which none of these
compounds is detected, total chlordane is given a value equal to the highest RL
of the five compounds listed above and assigned a U-qualifier, indicating the
lack of detected concentrations.

CALCULATION OF DIOXIN/FURAN CONGENER TEQS

Dioxin/furan congener TEQs are calculated using the WHO consensus TEF values
(Van den Berg et al. 2006) for mammals as presented in Table E-2. The TEQ is
calculated as the sum of each congener concentration multiplied by the corresponding
TEF value. When the congener concentration is reported as undetected, then the TEF is
multiplied by half the RL.

1 Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260.
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Table 1. Dioxin/furan congener TEF values for mammals

Dioxin/Furan Congener
1,2,3,4,6,7,8-Heptachlorodibenzofuran

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin

1,2,3,4,7,8,9-Heptachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzofuran
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,7,8,9-Hexachlorodibenzofuran
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran
1,2,3,7,8-Pentachlorodibenzo-p-dioxin
2,3,4,6,7,8-Hexachlorodibenzofuran
2,3,4,7,8-Pentachlorodibenzofuran
2,3,7,8-Tetrachlorodibenzofuran
2,3,7,8-Tetrachlorodibenzo-p-dioxin
Octachlorodibenzofuran
Octachlorodibenzo-p-dioxin

TEF Value
(unitless)

0.01
0.01
0.01
0.1
0.1
0.1
0.1
0.1
0.1
0.03
1
0.1
0.3
0.1
1
0.0003
0.0003

TEF — toxic equivalency factor

CALCULATION OF CARCINOGENIC PoLYCYCLIC AROMATIC HYDROCARBONS

Carcinogenic polycyclic aromatic hydrocarbons (cPAH) values are calculated using
TEF values (California EPA 1994; Ecology 2001) based on the individual PAH
component’s relative toxicity to benzo(a)pyrene. TEF values are presented in

Table E-3. The cPAH is calculated as the sum of each individual PAH concentration
multiplied by the corresponding TEF value. When the individual PAH component
concentration is reported as non-detected, then the TEF is multiplied by half the RL.

Table G-2. cPAH TEF Values

TEF Value
cPAH (unitless)
Benzo(a)pyrene 1
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.1
Bibenz(a,h)anthracene 0.4
Indeno(1,2,3-cd)pyrene 0.1
Chrysene 0.01

cPAH — carcinogenic polycyclic aromatic hydrocarbon

TEF — toxic equivalency factor
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”; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Summary of Laboratory Control Limits Metals Analyses

(All Methods & Sample Matrices)

Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI's current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Element Matrix Spike Recovery LCS Recovery RelgIFi:I:Date
Aluminum 75 - 125 80 - 120 <20%
Antimony 75 - 125 80 - 120 <20%
Arsenic 75 - 125 80 - 120 <20%
Barium 75 - 125 80 - 120 <20%
Beryllium 75 - 125 80 - 120 < 20%
Boron 75 - 125 80 - 120 <20%
Cadmium 75 - 125 80 - 120 <20%
Calcium 75 - 125 80 - 120 <20%
Chromium 75 - 125 80 - 120 <20%
Cobalt 75 - 125 80 - 120 <20%
Copper 75 - 125 80 - 120 <20%
Iron 75 - 125 80 - 120 < 20%
Lead 75 - 125 80 - 120 <20%
Magnesium 75 - 125 80 - 120 < 20%
Manganese 75 - 125 80 - 120 < 20%
Mercury 75 - 125 80 - 120 < 20%
Nickel 75 - 125 80 - 120 < 20%
Potassium 75 - 125 80 - 120 <20%
Selenium 75 - 125 80 - 120 <20%
Silica 75 - 125 80 - 120 <20%
Silver 75 - 125 80 - 120 <20%
Sodium 75 - 125 80 - 120 <20%
Strontium 75 - 125 80 - 120 <20%
Thallium 75 - 125 80 - 120 <20%
Vanadium 75 - 125 80 - 120 < 20%
Zinc 75 - 125 80 - 120 <20%
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n; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Summary of Laboratory Control Limits - SIM Analysis for Butyl Tin Species &2

EPA Method SW-846-8270D (Modified)
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI's current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

ARI’s Calculated Control Limits

Sample Matrix Pore Water Water © Soil/Sediment ©
Sample Amount / Final Volume: 40 mL /0.5 mL 100 mL /0.5 mL 59/0.5mL
LCS Spike Recovery @
Tributyl Tin 23 - 133 60 - 125 40 - 144
Dibutyl Tin 30 - 118 30 - 160 34 - 115
Butyl Tin 10 - 113 30 - 160" 10 - 111

Method Blank/LCS Surrogate Recovery

Tripentyl Tin 38 - 127 48 - 110 35 - 130

Tripropyl Tin 29 - 100 42 - 113 28 - 106

Sample Surrogate Recovery

Tripentyl Tin 30 - 135 35 - 124 25 - 140

Tripropyl Tin 28 - 100 41 - 112 32 - 104

1. Instrument calibrated using hexyl (Cg) derivatives. Results reported as butylated Tin ion.

2. Highlighted control limits (bold font ) adjusted to demonstrate that ARI does not use control limits < 10 for the
lower limit or < 100 for the upper limit.

3. Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample
matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an
analytical batch.

4. Control Limits calculated using all data generated 1/1/07 through 5/30/08.

5. Control limits calculated using all data generated 10/1/06 through 5/30/08.

6. Control Limits calculated using all data generated 6/1/06 through 6/1/08 (sample surrogates 6/1/07-6/1/08)

7. Default limits due to insufficient number of data points to calculate historic limits.
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Analytical Resources,Incorporated
Analytical Chemists and Consultants

/-

Spike Recovery Control Limits - Analysis of PCB / Aroclors in

Soil & Sediment Samples - EPA SW-846 Method 8082
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the files at the
time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Al?no;l;igies PSDDA | Low Level | Low level Eit?;g:ieotn Ml_eg\iglm
Typical Reporting Limit (ug/kg): 33 20 10 4 100 800
Nominal Sample Wet Weight (g): 12 25 25 25 10 5
Final Extract Volume (mL): 4 5 2.5 1 10 40
LCS Spike Recovery &2
Aroclor 1016 48 - 106 52 - 101 53 - 100 37 - 106 | 30 - 160°| 59 - 108
Aroclor 1260 50 - 121 52 - 126 58 - 112 50 - 116 | 30 - 160°| 43 - 177
Method Blank / LCS Surrogate
Recovery
Tetrachloro-meta-xylene (TCMX) 46 - 111 47 - 110 43 - 108 35-100 | 30 - 160°| 49 - 110
Decachlorobiphenyl 51 -112 48 - 119 48 - 118 40 - 109 | 30 - 160°| 51 - 127
Sample Surrogate Recovery
Tetrachloro-meta-xylene (TCMX) 50 - 114 46 - 113 35 - 119 38 - 102 | 30 - 160°| 28 - 106
Decachlorobiphenyl 42 - 127 40 - 130 33 - 143 34 -141 | 30 - 160°| 22 - 168

(1) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample matrix
spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an analytical batch.
(2) Highlighted control limits (bold font ) adjusted to demonstrate that ARI does not use control limits < 10 for the lower
limit or < 100 for the upper limit.

(3) 30 — 160 are default, advisory control limits used when there is insufficient data to calculate historic control limits. DO
NOT use these limits as the sole reason to reject the data from a batch of analyses.
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n; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Spike Recovery Control Limits Analysis of PCB / Aroclors in

Aqueous Samples - EPA SW-846 Methods 8081 & 8082 *?
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Analytical Method: ,Sb\tr?gl(yj/zirg MTCA Analysis L::Vat/ es\ilsel hﬁ:i?f;c??;ﬁr

Sample Weight / Final Volume: 500/5 mL 500/ 1 mL 1000/0.5 mL 3000/1 mL
LCS Spike Recovery ¢
Aroclor 1016 45 - 121 36 - 100 44 - 117 30 - 160®
Aroclor 1260 54 - 129 41 - 113 46 - 131 30 - 160%
Method Blank/LCS Surrogate
Recovery
Tetrachloro-meta-xylene (TCMX) 40 - 118 29 - 100 31 - 100 30 - 160®
Decachlorobiphenyl 41 - 111 35 - 116 32 - 108 30 - 160%®
Sample Surrogate Recovery
Tetrachloro-meta-xylene (TCMX) 38 - 118 25 - 100 21 - 100 30 - 160®
Decachlorobiphenyl 29 - 118 10 - 128 19 - 111 30 - 160®

(1) Control Limits calculated using all data generated 1/1/08 through 12/1/08.

(2) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10 for the
lower limit or < 100 for the upper limit.

(3) 30 — 160 are default, advisory control limits used when there is insufficient data to calculate historic control
limits. DO NOT use these limits as the sole reason to reject the data from a batch of analyses.

(4) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample
matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an
analytical batch.
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Analytical Chemists and Consultants

”; Analytical Resources,Incorporated

Spike Recovery Control Limits for Chlorinated Pesticides

EPA Method SW-846-8081B Analysis of Aqueous Samples &
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI's current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Sample Volume / Final Volume 500 mL to 5 mL 1000/1 mL

LCS Spike Recovery Control Limits ME Limits @ Control Limits ME Limits @
a-BHC 56 - 122 45 - 133 32 - 129 16 - 145
B-BHC 52 - 127 40 - 140 30 - 132 13 - 149
0-BHC 59 - 128 48 - 140 10 - 163 10 - 189
y-BHC (Lindane) 59 - 120 49 - 130 35 - 135 18 - 152
Heptachlor 50 - 133 36 - 147 34 - 115 21 - 129
Aldrin 51 - 113 41 - 123 32 - 115 18 - 129
Hepachlor Epoxide 58 - 125 47 - 136 41 - 138 25 - 154
Endosulfan | 67 - 118 59 - 127 37 - 131 21 - 147
Dieldrin 68 - 122 59 - 131 42 - 134 27 - 149
4,4’-DDE 67 - 131 56 - 142 42 - 147 25 - 165
Endrin 68 - 134 57 - 145 28 - 152 10 - 173
Endosulfan Il 68 - 133 57 - 144 36 - 141 19 - 159
4,4-DDD 66 - 138 54 - 150 30 - 159 10 - 181
Endosulfan Sulfate 60 - 132 48 - 144 22 - 140 10 - 160
4,4-DDT 68 - 126 58 - 136 20 - 165 10 - 189
Methoxychlor 62 - 134 50 - 146 16 - 168 10 - 193
Endrin Ketone 60 - 139 47 - 152 39 - 148 21 - 166
Endrin Aldehyde 27 - 133 10 - 151 10 - 120 10 - 138
y-Chlordane 59 - 121 49 - 131 42 - 128 28 - 142
a-Chlordane 65 - 118 56 - 127 45 - 129 31 - 143
MB / LCS Surrogate Recovery

Tetrachloro-m-xylene (TCMX) 46 - 100 3) 28 - 100 3)
Decachlorobiphenyl 39 - 114 3) 46 - 104 3)
Sample Surrogate Recovery

Tetrachloro-xylene (TCMX) 27 - 130 3) 18 - 100 3)
Decachlorobiphenyl 21 - 126 3) 14 - 120 3)

(1) Control limits calculated using all recovery data from 1/1/08 through 12/1/08.

(2) ME = A marginal exceedance defined in the NELAC Standard ®) as beyond the LCS-CL but still within the
ME limits. ME limits are between 3 and 4 standard deviations around the mean. A maximum of one marginal
exceedance is acceptable. Two or more marginal exceedances require corrective action.

(3) Marginal Exceedances not allowed for a surrogate standard.

(4) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample
matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an
analytical batch.

(5) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10 for the
lower limit or < 100 for the upper limit.

(6) 2003 NELAC Standard (EPA/600/R-04/003), July 2003, Chapter 5, pages 251-252.
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”; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Spike Recovery Control Limits for Chlorinated Pesticides

EPA Method SW-846-8081B Analysis of Soil / Sediment Samples ¢
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI's current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Sample Dry Weight / Final Vol. 12gto4mL 25gto5mL

LCS Spike Recovery @ Control Limits ME Limits® Control Limits ME Limits®
a-BHC 41 - 122 28 - 136 37 - 130 22 - 146
B-BHC 47 - 126 34 - 139 40 - 131 25 - 146
0-BHC 46 - 138 31 - 153 39 - 142 22 - 159
y-BHC (Lindane) 49 - 124 37 - 137 43 - 127 29 - 141
Heptachlor 45 - 121 32 - 134 42 - 122 29 - 135
Aldrin 44 - 125 31 - 139 43 - 127 29 - 141
Hepachlor Epoxide 47 - 128 34 - 142 43 - 129 29 - 143
Endosulfan | 42 - 139 26 - 155 31 - 157 10 - 178
Dieldrin 42 - 140 26 - 156 49 - 131 35 - 145
4,4’-DDE 56 - 144 41 - 159 48 - 146 32 - 162
Endrin 50 - 143 35 - 159 52 - 133 39 - 147
Endosulfan Il 52 - 133 39 - 147 38 - 137 22 - 154
4,4-DDD 55 - 140 41 - 154 51 - 139 36 - 154
Endosulfan Sulfate 40 - 133 25 - 149 33 - 133 16 - 150
4,4-DDT 53 - 133 40 - 146 50 - 131 37 - 145
Methoxychlor 58 - 123 47 - 134 35 - 138 18 - 155
Endrin Ketone 40 - 144 23 - 161 31 - 146 12 - 165
Endrin Aldehyde 12 - 110 10 - 126 18 - 166 10 - 191
y-Chlordane 51 - 125 39 - 137 46 - 127 33 - 141
a-Chlordane 47 - 130 33 - 144 47 - 128 34 - 142
MB / LCS Surrogate Recovery

Tetrachloro-m-xylene (TCMX) 44 - 107 4) 50 - 124 4
Decachlorobiphenyl 51 - 127 (4) 42 - 110 (4)
Sample Surrogate Recovery

Tetrachloro-xylene (TCMX) 32 - 130 (4) 40 - 119 (4)
Decachlorobiphenyl 51 - 128 (4) 42 - 137 (4)

(1) ARI's Control limits calculated using all available spike recovery data from 1/1/08 or 12/1/08.

(2) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10 for the
lower limit or < 100 for the upper limit.

(3) ME = A marginal exceedance defined in the NELAC Standard © as beyond the LCS-CL but still within the
ME limits. ME limits are between 3 and 4 standard deviations around the mean. A maximum of one marginal
exceedance is acceptable. Two or more marginal exceedances require corrective action.

(4) Marginal Exceedances not allowed for a surrogate standard.

(5) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample
matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an
analytical batch.

(6) 2003 NELAC Standard (EPA/600/R-04/003), July 2003, Chapter 5, pages 251-252.

Page 1 of 1




”; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)

EPA SW-846 Method 8270D with Ultrasonic Extraction ¢®
Effective: 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the

files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME® PSEP @ PSEP ME®?

Sample Weight / Final Volume: | 7.5gto0.5mL | 7.5gto0.5mL 50to 1 mL 50to 1 mL
LCS Spike Recovery ©
Phenol 48 - 100 41 - 100 31 -102 19 -114
Bis-(2-chloroethyl) ether 32 - 100 22 -104 30 - 100 20 -100
2-Chlorophenol 44 - 100 37 -100 36 - 100 28 -100
1,3-Dichlorobenzene 39 - 100 33 -100 32 -100 24 -100
1,4-Dichlorobenzene 40 - 100 34 -100 33 -100 26 -100
Benzyl Alcohol 10 - 100 10 -100 10 -100 10 - 100
1,2-Dichlorobenzene 42 - 100 36 -100 34 -100 26 -100
2-Methylphenol 44 - 100 37 -100 34 -100 24 -102
2,2'-oxybis(1-chloropropane) 21 - 100 10 - 107 29 -100 19 -100
4-Methylphenol 45 - 100 37 -100 39 -100 30 -101
N-Nitroso-di-n-propylamine 36 - 100 27 -101 32 -100 23 -100
Hexachloroethane 35 - 100 28 - 100 29 -100 21 -100
Nitrobenzene 27 - 102 15 -115 28 - 100 17 -105
Isophorone 47 - 100 39 -105 46 - 100 38 -103
2-Nitrophenol 46 - 100 40 - 100 37 -100 28 -100
2,4-Dimethyphenol 41 - 100 34 -100 19 -100 10 -103
Bis-(2-chloroethoxy) methane 40 - 100 32 -100 38 -100 30 -100
Benzoic Acid © 10 - 138 10 - 159 21 -123 10 - 140
2,4-Dichlorophenol 48 - 100 41 - 100 39 -100 30 -102
1,2,4-Trichlorobenzene 43 - 100 35 -100 36 - 100 28 -100
Naphthalene 44 - 100 38 -100 37 -100 29 -100
4-Chloroaniline 16 - 100 10 -113 10 - 100 10 - 100
2-Chloronaphthalene 48 - 100 42 - 100 36 - 100 27 -101
Hexachlorobutadiene 40 - 100 33 -100 33 -100 24 -100
4-Chloro-3-methylphenol 50 - 100 42 -104 42 -102 32 -112
2-Methylnaphthalene 48 - 100 42 - 100 41 - 100 33 -100
Hexachlorocyclopentadiene 20 - 114 10 -130 15 -104 10 -119
2,4,6-Trichlorophenol 51 - 100 44 - 100 42 -100 33 -105
2,4,5-Trichlorophenol 50 - 100 43 - 103 43 - 100 34 -107
2-Nitroaniline 45 - 100 36 - 106 41 -100 32 -108
Dimethylphthalate 53 - 100 46 - 103 48 - 100 40 - 106
Acenaphthylene 50 - 100 43 - 100 42 -100 33 -104
2,6-Dinitrotoluene 54 - 100 46 - 108 44 - 106 34 - 116
3-Nitroaniline ® 22 - 117 10 -133 15 - 108 10 - 124
Acenaphthene 48 - 100 41 - 100 38 - 100 29 -102
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”; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)
EPA SW-846 Method 8270D with Ultrasonic Extraction ¢®

Effective: 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the

files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME® PSEP @ PSEP ME®?

Sample Weight / Final Volume: | 7.5gto0.5mL | 7.59gt00.5mL 50to 1 mL 50to 1 mL
2,4-Dinitrophenol 12 - 147 10 -170 20 - 140 10 - 160
Dibenzofuran 53 - 100 47 - 100 45 - 100 37 -101
4-Nitrophenol 18 - 107 10 -122 21 -108 10 -123
2,4-Dinitrotoluene 57 - 106 49 -114 48 - 111 38 -122
Fluorene 54 - 100 48 - 100 45 -100 36 - 106
Diethylphthlalate 52 - 100 44 -108 48 - 102 39 -111
4-Chlorophenyl-phenyl ether 54 - 100 48 - 100 45 -100 36 - 106
4-Nitroaniline 27 - 110 13 -124 25 -100 13 - 110
4,6-Dinitro-2-Methylphenol 21 - 122 10 -139 23 -115 10 -130
N-Nitrosodiphenylamine 44 - 145 27 -162 50 -128 37 -141
4-Bromophenyl-phenyl ether 52 - 100 45 -101 45 - 100 36 -107
Hexachlorobenzene 50 - 100 42 - 104 44 - 101 35 -111
Pentachlorophenol 45 - 100 36 -108 35 -105 23 -117
Phenanthrene 53 - 100 46 - 101 45 -100 36 - 109
Anthracene 49 - 100 41 - 105 43 -100 34 -107
Carbazole 45 - 111 34 -122 51 - 106 42 - 115
Di-n-butylphthalate 55 - 106 47 - 115 51 - 109 41 - 119
Fluoranthene 54 - 105 46 - 114 52 - 107 43 - 116
Pyrene 48 - 106 38 - 116 41 - 113 29 -125
Butylbenzylphthalate 46 - 111 35 -122 40 - 118 27 -131
Benzo(a)Anthracene 51 - 101 43 - 109 44 - 106 34 -116
3,3-Dichlorbenzidine 10 - 112 10 -129 10 - 100 10 -112
Chrysene 56 - 100 50 - 102 48 - 102 39 -111
Bis(2-Ethylhexyl) phthalate 57 - 114 48 - 124 38 -125 24 - 140
Di-n-octylphthalate 56 - 100 49 - 107 29 - 116 15 -131
Benzo(b)Fluoranthene 43 - 122 30 -135 49 - 112 39 -123
Benzo(k)Fluoranthene 44 - 122 31 -135 48 - 116 37 -127
Benzo(a)Pyrene 51 - 100 43 - 105 41 - 100 32 -104
Indeno(1,2,3-cd)Pyrene 38 - 104 27 -115 29 -117 14 -132
Dibenz(a,h)anthracene 41 - 107 30 -118 34 -117 20 -131
Benzo(g,h,i)Perylene 36 - 107 24 -119 24 -122 10 -138
Aniline @ 10 - 100 10 -103 10 - 100 10 - 100
1,2-Diphenylhydrazine (Azobenzene) 48 - 101 39 -110 44 -101 35 -111
N-Nitrosodimethylamine 31 - 100 21 -101 25 -100 15 -100
1-Methylnaphthalene 48 - 100 41 - 100 40 - 100 31 -103
Pyridine 10 - 100 10 - 100 10 100 10 - 100
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n; Analytical Resources,Incorporated

Analytical Chemists and Consultants

Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)
EPA SW-846 Method 8270D with Ultrasonic Extraction ¢®
Effective: 5/1/09
Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME® PSEP @ PSEP ME®?

Sample Weight / Final Volume: | 7.5gto0.5mL | 7.5gto0.5mL 50to 1 mL 50to 1 mL
MB/LCS Surrogate Recovery
d4-2-Chlorophenol 43 - 100 (5) 39 -100 (5)
d4-1,2-Dichlorobenzene 34 - 100 (5) 32 -100 (5)
2,4,6-Tribromophenol 47 - 109 (5) 43 -108 (5)
2-Fluorophenol 14 - 100 (5) 26 -100 (5)
d5-Phenol @ 39 - 100 10 -133 10 - 100 10 - 100
d5-Nitrobenzene 39 - 100 (5) 34 -100 (5)
2-Fluorobiphenyl 44 - 100 (5) 39 100 (5)
d14-p-Terphenyl 55 - 106 (5) 49 - 112 (5)
Sample Surrogate Recovery
d4-2-Chlorophenol 33 - 100 (5) 30 - 100 (5)
d4-1,2-Dichlorobenzene 30 - 100 (5) 24 -100 (5)
2,4,6-Tribromophenol 28 - 116 (5) 33 -118 (5)
2-Fluorophenol 10 - 100 (5) 21 -100 (5)
d5-Phenol 31 - 100 21 -101 10 - 100 10 - 100
d5-Nitrobenzene 32 - 100 (5) 26 -100 (5)
2-Fluorobiphenyl 36 - 100 (5) 32 -100 (5)
d14-p-Terphenyl 35 - 113 (5) 25 -116 (5)

(1) Control Limits calculated using all data generated 1/1/08 through 12/1/08.

(2) ME = A marginal exceedance defined in the NELAC Standard © as beyond the CL but still within the ME
limits. ARI defines ME limits as 4 standard deviations around the mean with upper limit = 100% A maximum of 4
marginal exceedances are acceptable. (= 5 marginal exceedances in an analysis require corrective action).

(3). Preparation includes Gel Permeation Chromatography (GPC) clean-up.

(4) These are “poor performers” defined in the DoD QSM ™ as compounds that “produce low mean recoveries
and high standard deviations, resulting in wide LCS control limits with particularly low lower control limits
(sometimes-negative values). ARI does not control batch acceptance based on these compounds since there is a
high level of uncertainty in their recovery.”

(5) Marginal Exceedances not allowed for surrogate unless it is a “poor performer”.

(6) 2003 NELAC Standard (EPA/600/R-04/003), July 2003, Chapter 5, pages 251-252.

(7) Page 182 of: Department of Defense Quality Systems Manual for Environmental Laboratories, Version
3 Final, March 2005 Prepared By Environmental Data Quality Workgroup, Department of Navy, Lead Service
(Based NELAC Chapter 5 (Quality Systems) NELAC Voted Version — 5 June 2003

(8) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10 for the
lower limit or < 100 for the upper limit.

(9) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample
matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an
analytical batch.
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Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)
EPA SW-846 Method 8270D with Microwave Extraction®®
(Effective: 6/1/09)

Control limits are updated periodically. Assure that you have ARI’s current control limits by
downloading the files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME®?

Sample Weight / Final Volume: 7.5gto 0.5 mL 7.5gto 0.5 mL
LCS Spike Recovery ©
Phenol 37 - 116 24 - 129
Bis-(2-chloroethyl) ether 43 - 108 32 - 119
2-Chlorophenol 45 - 109 34 - 120
1,3-Dichlorobenzene 47 - 105 37 - 115
1,4-Dichlorobenzene 46 - 105 36 - 115
Benzyl Alcohol 16 - 108 10 - 123
1,2-Dichlorobenzene 48 - 104 39 - 113
2-Methylphenol 45 - 112 34 - 123
2,2'-oxybis(1-chloropropane) 36 - 114 23 - 127
4-Methylphenol 47 - 114 36 - 125
N-Nitroso-di-n-propylamine 44 - 113 33 - 125
Hexachloroethane 43 - 104 33 - 114
Nitrobenzene 39 - 112 27 - 124
Isophorone 57 - 114 48 - 124
2-Nitrophenol 50 - 112 40 - 122
2,4-Dimethyphenol 40 - 110 28 - 122
Bis-(2-chloroethoxy) methane 49 - 111 39 - 121
Benzoic Acid 10 - 160 10 - 185
2,4-Dichlorophenol 51 - 113 41 - 123
1,2,4-Trichlorobenzene 50 - 106 41 - 115
Naphthalene 50 - 108 40 - 118
4-Chloroaniline ) 17 - 149 10 - 171
2-Chloronaphthalene 48 - 116 37 - 127
Hexachlorobutadiene 46 - 112 35 - 123
4-Chloro-3-methylphenol 54 - 116 44 - 126
2-Methylnaphthalene 54 - 106 45 - 115
Hexachlorocyclopentadiene 23 - 149 10 - 170
2,4,6-Trichlorophenol 51 - 114 41 - 125
2,4,5-Trichlorophenol 52 - 116 41 - 127
2-Nitroaniline 51 - 115 40 - 126
Dimethylphthalate 56 - 113 47 - 123
Acenaphthylene 56 - 115 46 - 125
2,6-Dinitrotoluene 54 - 124 42 - 136
3-Nitroaniline 39 - 142 22 - 159
Acenaphthene 48 - 115 37 - 126
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(Effective: 6/1/09

)

Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)
EPA SW-846 Method 8270D with Microwave Extraction®®

Control limits are updated periodically. Assure that you have ARI’s current control limits by
downloading the files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME®?

Sample Weight / Final Volume: 7.5gto 0.5 mL 7.5gto 0.5 mL
2,4-Dinitrophenol 15 - 169 10 - 195
Dibenzofuran 55 - 111 46 - 120
4-Nitrophenol 23 - 130 10 - 148
2,4-Dinitrotoluene 57 - 127 45 - 139
Fluorene 55 - 117 45 - 127
Diethylphthlalate 54 - 116 44 - 126
4-Chlorophenyl-phenyl ether 52 - 117 41 - 128
4-Nitroaniline 47 - 124 34 - 137
4,6-Dinitro-2-Methylphenol 10 - 157 10 - 182
N-Nitrosodiphenylamine 54 - 138 40 - 152
4-Bromophenyl-phenyl ether 50 - 117 39 - 128
Hexachlorobenzene 50 - 121 38 - 133
Pentachlorophenol 40 - 123 26 - 137
Phenanthrene 55 - 116 45 - 126
Anthracene 57 - 115 47 - 125
Carbazole 60 - 121 50 - 131
Di-n-butylphthalate 60 - 119 50 - 129
Fluoranthene 52 - 129 39 - 142
Pyrene 49 - 134 35 - 148
Butylbenzylphthalate 44 - 144 27 - 161
Benzo(a)Anthracene 56 - 124 45 - 135
3,3-Dichlorbenzidine 37 - 140 20 - 157
Chrysene 53 - 124 41 - 136
Bis(2-Ethylhexyl) phthalate 63 - 128 52 - 139
Di-n-octylphthalate 59 - 114 50 - 123
Benzo(b)Fluoranthene 58 - 124 47 - 135
Benzo(k)Fluoranthene 53 - 130 40 - 143
Benzo(a)Pyrene 53 - 109 44 - 118
Indeno(1,2,3-cd)Pyrene 40 - 128 25 - 143
Dibenz(a,h)anthracene 47 - 123 34 - 136
Benzo(g,h,i)Perylene 44 - 125 31 - 139
Aniline © 10 - 129 10 - 149
1,2-Diphenylhydrazine (Azobenzene) 56 - 118 46 - 128
N-Nitrosodimethylamine 43 - 119 30 - 132
1-Methylnaphthalene 55 - 116 45 - 126
Pyridine 15 - 118 10 - 135
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Spike Recovery Control Limits for Analysis of Soil & Sediment
Semi-Volatile Organic Compounds (SVOA)
EPA SW-846 Method 8270D with Microwave Extraction*®

(Effective: 6/1/09)

Control limits are updated periodically. Assure that you have ARI’s current control limits by
downloading the files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Extraction / Analytical Method: 8270D 8270D ME®?

Sample Weight / Final Volume: 7.5gto 0.5 mL 7.5gto 0.5 mL
MB/LCS Surrogate Recovery
d4-2-Chlorophenol 50 - 103 (5)
d4-1,2-Dichlorobenzene 48 - 104 (5)
2,4,6-Tribromophenol 54 - 120 (5)
2-Fluorophenol 38 - 112 (5)
d5-Phenol @ 44 - 110 33 - 121
d5-Nitrobenzene 46 - 102 (5)
2-Fluorobiphenyl 51 - 105 (5)
d14-p-Terphenyl 55 - 124 (5)
Sample Surrogate Recovery
d4-2-Chlorophenol 36 - 104 (5)
d4-1,2-Dichlorobenzene 38 - 102 (5)
2,4,6-Tribromophenol 31 - 131 (5)
2-Fluorophenol 22 - 108 (5)
d5-Phenol @ 27 - 112 13 - 126
d5-Nitrobenzene 32 - 106 (5)
2-Fluorobiphenyl 39 - 107 (5)
d14-p-Terphenyl 31 - 130 (5)

(1) Control Limits calculated using all data generated 7/1/08 through 6/30/09.

(2) ME = A marginal exceedance defined in the NELAC Standard ® as beyond the CL but still within the
ME limits. ARI defines ME limits as 4 standard deviations around the mean with upper limit = 100%. A
maximum of 4 marginal exceedances are acceptable. (= 5 marginal exceedances in an analysis require
corrective action).

(3). Preparation includes Gel Permeation Chromatography (GPC) clean-up.

(4) These are “poor performers” defined in the DoD QSM M) as compounds that “produce low mean
recoveries and high standard deviations, resulting in wide LCS control limits with particularly low lower
control limits (sometimes-negative values)”. ARI does not control batch acceptance based on these
compounds since there is a high level of uncertainty in their recovery.”

(5) Marginal Exceedances not allowed for surrogate unless it is a “poor performer”.

(6) 2003 NELAC Standard (EPA/600/R-04/003), July 2003, Chapter 5, pages 251-252.

(7) Page 182 of: Department of Defense Quality Systems Manual for Environmental Laboratories,
Version 3 Final, March 2005 Prepared By Environmental Data Quality Workgroup, Department of Navy,
Lead Service (Based NELAC Chapter 5 (Quality Systems) NELAC Voted Version — 5 June 2003

(8) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10
for the lower limit or < 100 for the upper limit.

(9) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for
sample matrix spike (MS) analyzes. MS recovery values are advisory and not used to assess the
acceptability of an analytical batch.
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Spike Recovery Control Limits for Analysis of Aqueous Samples

Semi-Volatile Organic Compounds (SVOA) EPA SW-846 Methods 8270D ©
Effective: 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Sample Weight / Final Volume: | 500 to 0.5 mL 500 to 0.5 mL 500to 0.5 mL 500 to 0.5 mL

LCS Spike Recovery @

Phenol @ 50 - 100 43 - 103 16 - 100 6 - 100
Bis-(2-chloroethyl) ether 52 - 100 45 - 105 41 - 112 29 - 124
2-Chlorophenol 56 - 100 49 - 103 43 - 111 32 - 122
1,3-Dichlorobenzene 23 - 100 15 - 100 32 - 100 22 - 103
1,4-Dichlorobenzene 25 - 100 17 - 100 32 - 100 22 - 103
Benzyl Alcohol 19 - 100 10 - 114 22 - 100 9 - 113
1,2-Dichlorobenzene 30 - 100 22 - 100 34 - 100 24 - 104
2-Methylphenol 52 - 100 44 - 106 36 - 110 24 - 122
2,2'-oxybis(1-chloropropane) 32 - 111 19 - 124 29 - 118 14 - 133
4-Methylphenol 53 - 102 45 - 110 38 - 104 27 - 115
N-Nitroso-di-n-propylamine 43 - 104 33 - 114 38 - 115 25 - 128
Hexachloroethane 12 - 100 10 - 100 24 - 100 13 - 100
Nitrobenzene 33 - 125 18 - 140 45 - 106 35 - 116
Isophorone 57 - 115 47 - 125 55 - 119 44 - 130
2-Nitrophenol 56 - 102 48 - 110 46 - 118 34 - 130
2,4-Dimethyphenol 29 - 100 20 - 100 28 - 105 15 - 118
Bis-(2-chloroethoxy) methane 54 - 101 46 - 109 44 - 118 32 - 130
Benzoic Acid © 10 - 131 10 - 151 11 - 100 10 - 100
2,4-Dichlorophenol 56 - 104 48 - 112 43 - 121 30 - 134
1,2,4-Trichlorobenzene 27 - 100 18 - 100 35 - 100 25 - 107
Naphthalene 45 - 100 38 - 100 36 - 111 24 - 124
4-Chloroaniline ©® 10 - 139 10 - 161 10 - 174 10 - 201
2-Chloronaphthalene 45 - 100 37 - 105 39 - 118 26 - 131
Hexachlorobutadiene 10 - 100 10 - 100 24 - 100 12 - 108
4-Chloro-3-methylphenol 53 - 109 44 - 118 45 - 122 32 - 135
2-Methylnaphthalene 46 - 100 38 - 100 45 - 103 35 - 113
Hexachlorocyclopentadiene 10 - 100 10 - 100 23 - 108 10 - 122
2,4,6-Trichlorophenol 58 - 108 50 - 116 48 - 122 36 - 134
2,4,5-Trichlorophenol 58 - 107 50 - 115 48 - 122 36 - 134
2-Nitroaniline 50 - 107 41 - 117 48 - 118 36 - 130
Dimethylphthalate 58 - 107 50 - 115 50 - 120 38 - 132
Acenaphthylene 57 - 100 50 - 107 50 - 119 39 - 131
2,6-Dinitrotoluene 58 - 112 49 - 121 48 - 133 34 - 147
3-Nitroaniline © 21 - 150 10 - 172 54 - 140 40 - 154
Acenaphthene 51 - 100 43 - 106 41 - 120 28 - 133
2,4-Dinitrophenol 12 - 169 10 - 195 23 - 176 10 - 202
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Spike Recovery Control Limits for Analysis of Aqueous Samples

Semi-Volatile Organic Compounds (SVOA) EPA SW-846 Methods 8270D ©
Effective: 5/1/09

Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Sample Weight / Final Volume: | 500 to 0.5 mL 500 to 0.5 mL 500 to 0.5 mL 500 to 0.5 mL
Dibenzofuran 57 - 100 50 - 107 51 - 114 41 - 125
4-Nitrophenol © 35 - 119 21 - 133 13 - 100 10 - 100
2,4-Dinitrotoluene 58 - 117 48 - 127 51 - 134 37 - 148
Fluorene 56 - 104 48 - 112 50 - 120 38 - 132
Diethylphthlalate 52 - 111 42 - 121 48 - 122 36 - 134
4-Chlorophenyl-phenyl ether 55 - 104 47 - 112 50 - 118 39 - 129
4-Nitroaniline 49 - 112 39 - 123 42 - 136 26 - 152
4,6-Dinitro-2-Methylphenol 13 - 139 10 - 160 32 -121 17 - 136
N-Nitrosodiphenylamine 60 - 136 47 - 149 58 - 141 44 - 155
4-Bromophenyl-phenyl ether 55 - 103 47 - 111 50 - 122 38 - 134
Hexachlorobenzene 54 - 106 45 - 115 47 - 125 34 - 138
Pentachlorophenol 46 - 114 35 - 125 35 - 130 19 - 146
Phenanthrene 56 - 102 48 - 110 49 - 120 37 - 132
Anthracene 56 - 101 49 - 109 53 - 116 43 - 127
Carbazole 60 - 108 52 - 116 57 - 122 46 - 133
Di-n-butylphthalate 56 - 112 47 - 121 57 - 121 46 - 132
Fluoranthene 57 - 110 48 - 119 56 - 119 46 - 130
Pyrene 48 - 119 36 - 131 37 - 143 19 - 161
Butylbenzylphthalate 51 - 114 41 - 125 34 - 152 14 - 172
Benzo(a)Anthracene 55 - 105 47 - 113 49 - 129 36 - 142
3,3-Dichlorbenzidine © 10 - 128 10 - 148 50 - 128 37 - 141
Chrysene 55 - 104 47 - 112 45 - 128 31 - 142
bis(2-Ethylhexyl) phthalate 28 - 164 10 - 187 57 - 133 44 - 146
Di-n-octylphthalate 57 - 107 49 - 115 52 - 120 41 - 131
Benzo(b)Fluoranthene 53 - 112 43 - 122 50 - 126 37 - 139
Benzo(k)Fluoranthene 50 - 116 39 - 127 49 - 126 36 - 139
Benzo(a)Pyrene 45 - 103 35 - 113 46 - 109 36 - 120
Indeno(1,2,3-cd)Pyrene 35 - 118 21 - 132 34 - 136 17 - 153
Dibenz(a,h)anthracene 42 - 119 29 - 132 41 - 134 26 - 150
Benzo(g,h,i)Perylene 39 - 123 25 - 137 41 - 133 26 - 148
Aniline ® 10 - 100 10 - 100 28 - 126 12 - 142
1,2-Diphenylhydrazine /Azobenzene 57 - 109 48 - 118 55 - 119 44 - 130
N-Nitrosodimethylamine 49 - 100 41 - 104 31 - 100 21 - 105
1-Methylnaphthalene 46 - 100 37 - 107 43 - 115 31 - 127
1,4-Dioxane 40 - 100 30 - 108 30 - 160 30 - 160
Pyridine - - 25 - 100 15 - 100
Tributyl Phosphate 30 - 160 30 - 160 30 - 160 30 - 160
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Spike Recovery Control Limits for Analysis of Aqueous Samples
Semi-Volatile Organic Compounds (SVOA) EPA SW-846 Methods 8270D ©
Effective: 5/1/09
Control limits are updated periodically. Assure that you have ARI’s current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

Sample Weight / Final Volume: | 500 to 0.5 mL 500 to 0.5 mL 500 to 0.5 mL 500 to 0.5 mL
Dibutyl Phenyl Phosphate 30 - 160 30 - 160 30 - 160 30 - 160
Butyl Diphenyl Phosphate 30 - 160 30 - 160 30 - 160 30 - 160
Triphenyl Phosphate 30 - 160 30 - 160 30 - 160 30 - 160
Butylated Hydroxytoluene (BHT) 30 - 160 30 - 160 30 - 160 30 - 160
MB / LCS Surrogate Recovery
d4-2-Chlorophenol 53 - 100 (5) 49 - 101 (5)
d4-1,2-Dichlorobenzene 38 - 100 (5) 40 - 100 (5)
2,4,6-Tribromophenol 52 - 123 (5) 51 - 122 (5)
2-Fluorophenol 46 - 100 (5) 31 - 100 (5)
ds5-Phenol © 50 - 100 52 - 108 19 - 100 12 - 100
d5-Nitrobenzene 46 - 100 (5) 46 - 101 (5)
2-Fluorobiphenyl 49 - 100 (5) 49 - 103 (5)
d14-p-Terphenyl 53 - 119 (5) 49 - 130 (5)
ds-1,4-Dioxane 45 - 100 (5) 30 - 160 ¥ (5)
Sample Surrogate Recovery
d4-2-Chlorophenol 44 - 100 (5) 23 - 104 (5)
d4-1,2-Dichlorobenzene 32 - 100 (5) 22 - 100 (5)
2,4,6-Tribromophenol 48 - 118 (5) 22 - 125 (5)
2-Fluorophenol 38 - 100 (5) 18 - 100 (5)
d5-Phenol 41 - 100 32 - 104 10 - 100 17 - 100
d5-Nitrobenzene 39 - 100 (5) 21 - 106 (5)
2-Fluorobiphenyl 42 - 100 (5) 26 - 104 (5)
d14-p-Terphenyl 26 - 114 (5) 11 - 132 (5)
d8-1,4-Dioxane 32 - 100 (5) 30 - 160 @ (5)

(1) Control Limits calculated using all data generated 1/1/07 through 12/1/07.

(2) ME = A marginal exceedance defined in the NELAC Standard © as beyond the CL but still within the ME limits. ARI
defines ME limits as between 3 and 4 standard deviations around the mean with upper limit = 100%. A maximum of four
marginal exceedances are acceptable. Five or more marginal exceedances in an analysis require corrective action.

(3) These are “poor performers” defined in the DoD QSM’ as compounds that “produce low mean recoveries and high
standard deviations, resulting in wide LCS control limits with particularly low lower control limits (sometimes-negative values).
ARI does not control batch acceptance based on these compounds since there is a high level of uncertainty in their recovery.”
(4) 30 — 160 are default, advisory control limits used when there is insufficient data to calculate historic control limits. DO NOT
use these limits as the sole reason to reject the data from a batch of analyses.

(5) Marginal Exceedances not allowed for surrogate unless it is a “poor performer”.

(6) 2003 NELAC Standard (EPA/600/R-04/003), July 2003, Chapter 5, pages 251-252.

(7) Page 182 of: Department of Defense Quality Systems Manual for Environmental Laboratories, Version 3 Final,
March 2005 Prepared By Environmental Data Quality Workgroup, Department of Navy, Lead Service (Based On National
Environmental Laboratory Accreditation Conference (NELAC) Chapter 5 (Quality Systems) NELAC Voted Version — 5 June
2003

(8) Laboratory Control Sample (LCS) spike recovery control limits also used as advisory control limits for sample matrix spike
(MS) analyzes. MS recovery values are advisory and not used to assess the acceptability of an analytical batch.

(9) Highlighted control limits (bold font) adjusted to demonstrate that ARI does not use control limits < 10 for the lower limit or
< 100 for the upper limit.
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Spike Recovery Control Limits for Conventional Wet Chemistry
Effective 5/1/09

Control limits are updated periodically. Assure that you have ARI's current control limits by downloading the
files at the time of use. http://www.arilabs.com/portal/downloads/ARI-CLs.zip

ARI’s Control Limits
Sample Matrix: Water Soil / Sediment

Matrix Spike Recoveries % Recovery % Recovery
Ammonia 75 - 125 75 - 125
Bromide 75 125 75 - 125
Chloride 75 125 75 - 125
Cyanide 75 - 125 75 - 125
Ferrous Iron 75 - 125 75 - 125
Fluoride 75 - 125 75 - 125
Formaldehyde 75 - 125 75 - 125
Hexane Extractable Material - - 78 - 114
Hexavalent Chromium 75 - 125 75 - 125
Nitrate/Nitrite 75 - 125 75 - 125
Oil and Grease 75 - 125 75 - 125
Phenol 75 - 125 75 - 125
Phosphorous 75 - 125 75 - 125
Sulfate 75 - 125 75 - 125
Sulfide 75 - 125 75 - 125
Total Kjeldahl Nitrogen 75 - 125 75 - 125
Total Organic Carbon 75 - 125 75 - 125
Duplicate RPDs

Acidity +20% +20%
Alkalinity +20% +20%
BOD +20% +20%
Cation Exchange +20% +20%
COD +20% +20%
Conductivity +20% +20%
Salinity +20% +20%
Solids +20% +20%
Turbidity +20% +20%
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Summary of Laboratory Control Limits

Default limits of 30-160% recovery and 30% RPD apply for all organic analytes when
laboratory generated control limits are not available on ARI's web site. Default limits for
all inorganic analytes are 75-125% recovery and 25% RPD.

ARI’s laboratory generated Quality Control Limits may be superseded by project specific
data quality objectives (DQO) provided by ARI's clients. The use of project specific
DQO must be approved by ARI's Laboratory and QA Program Managers.
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